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EXECUTIVE  SUMMARY 


An  invest igat ion  was  initiated  by  the  Federal  Aviation  Administration  Technical 
Center  in  May  1981  and  completed  in  June  1983,  to  determine  the  numbers,  weight, 
and  species  of  birds  which  are  ingested  into  large  high  bypass  ratio  (HBPR)  turbine 
aircraft  engines  during  service  operation  and  determine  what  damage,  if  any, 
resulted. 

A  total  of  1513  HBPR  engined  aircraft  conducted  2.74  million  operations  during  the 
study  period.  The  aircraft  studied  were  the  DC8,  DC10,  A300,  B747,  B757,  B767, 
LI 01 1 ,  and  A310. 

Because  there  were  at  least  2.7  million  bird  ingestion  opportunities  and  only  638 
aircraft  bird  ingestion  events  were  observed,  an  ingestion  is  considered  a  rare 
(2.33  X  10“M  but  probable  event.  This  represents  233  bird  ingestion  events  per 
million  aircraft  operations.  Approximately  1.25  million  HBPR  engined  aircraft 
operations  are  conducted  per  year.  The  monthly  distribution  of  the  638  total 
worldwide  bird  ingestion  events  are  shown  in  figure  E-l. 

The  most  commonly  ingested  family  of  birds  are  gulls  (Laridae).  The  majority  of 
the  85  bird  species  identified  during  this  study  are  flocking  birds.  The  United 
States  (U.S.)  and  foreign  bird  weight  distributions  are  different.  The  United 
States  bird  ingestion  rate  is  significantly  lower  than  the  foreign  rate.  Seasonal 
changes  appear  to  affect  the  bird  ingestion  rate.  Wing  mounted  engines  experience 
s  ign i f ic ant ly  more  ingestions  than  center  aft  mounted  engines.  Twenty-five 
airports  account  for  36  percent  of  all  reported  worldwide  bird  ingestions,  and  it 
is  noted  that  76  percent  of  all  bird  ingestions  occur  in  the  airport  environment 
during  landing  and  takeoff.  The  majority  of  bird  ingestions,  engine  damage,  and 
engine  failures  occur  in  the  bird  weight  range  of  9  to  24  ounces.  Pive  percent 
(32)  of  the  reported  bird  ingestions  resulted  in  engine  failure.  Analysis  reveals 
that  the  engine  failures  cannot  be  predicted  based  only  on  the  knowledge  o£  the 
bird  weight  and  bird  numbers.  To  accomplish  this,  one  must  consider  factors  such 
as  damage  tolerance  assessswnts,  flight  dynamics,  and  others  which  were  not  within 
the  scope  of  this  study.  The  majority  of  bird  ingestions  resulted  in  either  minor 
or  no  damage  to  the  engine. 

Significant  findings  resulting  from  this  study  are  presented  below.  The  detailed 
discussion  of  these  findings  are  presented  in  Section  3  of  this  report. 


Aircraft  Bird  Ingeation  (B.l.)  events  638 
Engines  experiencing  B.l.  666 
Average  bird  weight,  United  States  30  ounces 
Average  bird  weight,  foreign  25  ounces 
Most  commonly  ingested  bird,  United  States  Cull 
Most  commonly  ingested  bird,  foreign  Kite,  Gull 
Engines  which  experienced  damage  (minor  and/or  major  damage)  416 
Multiple  engine  ingestion  events  per  aircraft  25 
Multiple  birds  per  engine  65 
Takeoff  and  climb  phaae-of-flight  (for  known  events)  61  % 
Approach  and  landing  phase-of-f light  (for  known  events)  36X 
Airports  where  B.l.  events  occurred  137 
Airlines  reporting  B.l.  events  83 


FIGURE  E-i.  MONTHLY  DISTRIBUTION  OF  WORLDWIDE  BIRD  INGESTION  EVENTS 


1.  INTRODUCTION. 


1.1  BACKGROUND. 

National  Trans  port  at ion  Safety  Board  (NTSB)  Recommendation  A-76-64  was  issued  April 
1,  1976,  as  a  result  of  an  aircraft  accident  involving  a  rejected  takeoff  after  "a 
number  of  large  birds"  were  ingested  into  one  of  the  engines.  This  recomendat ion 
stated  in  part" 

"Amend  14  CFR  33.77  to  increase  the  maximum  number  of  birds  in  the 
various  size  categories  required  to  be  ingested  into  turbine  engines 
with  large  inlets.  These  increased  numbers  and  sizes  should  be 
consistent  with  the  birds  ingested  during  service  experience  of  these 
engines."  (Class  III  -  Longer  Term  Follow-up) 

In  response  to  the  Safety  Board's  subsequent  inquiry  of  July  30,  1980,  the  Federal 
Aviation  Administration  (FAA)  on  October  30,  I960,  summarized  the  status  of  the 

work  addressing  the  recoomendat  ion  made  by  NTSB.  The  FAA  had  made  several  examina¬ 
tions  of  NTSB,  FAA,  and  industry  engine  records  to  determine  the  numbers  and 
weights  of  birds  being  ingested  into  turbine  engines  with  large  inlets.  These 
high  bypass  ratio  (HBPR)  engines  started  to  enter  airline  service  early  in  1969. 
A  study  of  available  records  was  also  made  by  an  Ad-Hoc  Committee  of  the  Aerospace 
Industries  Association  of  America,  Inc.,  in  1978.  All  of  these  industry  and 
Government  efforts,  relying  on  available  records,  did  not  provide  the  pertinent 
information  necessary  to  make  a  decision  concerning  possible  revision  of  the 
weights  and  numbers  of  birds  required  to  be  ingested  for  engine  type  certification. 

The  FAA  acknowledged  the  need  for  better  data  relating  to  the  number  and  weights  of 
birds  being  ingested  in  service  operation.  Because  normal  reporting  activity  was 
not  providing  sufficient  information  of  this  kind,  the  FAA  initiated  a  special 
project  by  the  FAA  Technical  Center.  A  worldwide  data  base  will  be  established. 
This  data  base,  together  with  other  pertinent  information,  will  be  used  to  deter¬ 
mine  if  amendawnt  to  existing  engine  certification  standards  is  warranted. 

1.2  OBJECTIVE. 

The  objective  of  this  investigation  was  to  determine  the  numbers,  weights,  and 
species  of  birds  which  are  ingested  into  large  high  bypass  ratio  (HBPR)  turbine 
aircraft  engines  during  worldwide  service  operation  and  determine  what  damage,  if 
any,  resulted. 

1.3  ORGANIZATION  OF  THIS  REPORT. 

This  report  has  been  organised  into  four  major  sections.  Section  1  is  the  Intro¬ 
duction.  Section  2,  Plana  and  Procedures,  describes  the  framework  utilized  in  the 
conduct  of  this  study.  Data  Analysis  and  Results  are  presented  in  Section  3. 
Sections  4  and  5  present  the  summary  and  conclusions  of  this  report,  respectively. 


2.  PLANS  AND  PROCEDURES. 


2.1  PLAN  DESCRIPTION. 

This  study  was  United  to  enigne  bird  ingestions  experienced  by  large  high  bypass 
ratio  (HBPR)  turbine  aircraft  engines  during  worldwide  service  operations. 
Therefore,  the  following  guidelines  were  established  to  structure  an  overall  plan 
to  conduct  this  study: 

.  Worldwide  cons iderat ion  of  data 
.  Familiarity  with  the  engine  design  criteria 

.  Proven  expertise  and  prior  experience  on  engine  foreign  object 
ingestion  interpretation 
.  Standardized  reporting 
.  Mini  aura  impact  on  the  operational  fleet 
.  Proven  expertise  in  bird  identification 
.  Airline  cooperation  and  understanding  of  need 
.  Quick  response 

.  Report  of  all  known  engine  bird  ingestions 

Based  on  these  guidelines,  it  was  determined  that  the  most  effective  approach  would 
oe  to  have  the  engine  manufacturers  investigate  the  bird  ingestion  incidents  on 
their  respective  engines.  Manufacturing  of  large  high  bypass  ratio  turbine  air¬ 
craft  engines  is  conducted  by  Pratt  and  Whitney  Aircraft  (PWA),  General  Electric 
Company  (GE),  Rolls  Royce,  Inc.,  (RR),  and  CFM  International  (CFM1),  a  joint 
CE/SNECMA  corporation.  This  offered  the  benefit  of  the  engine  manufacturer's 
expertise  in  damage  tolerance  assessment  and  will  allow  them  to  use  their  worldwide 
service  organizations  to  investigate  engine  ingestion  events  quickly. 

The  information  in  this  study  was  obtained  by  the  manufacturers  in  cooperation  with 
the  Air  Transport  Association  of  America  (ATA)  and  the  International  Air  Transport 
Association  ( 1ATA)  and  their  member  airlines.  Whenever  possible,  the  engine 
manufacturers  used  the  services  of  a  recognized  ornithologist  to  identify  the  bird 
species.  This  study  spanned  twenty-six  (26)  months  from  May  1981  to  June  1983. 

2.2  ASSUMPTIONS,  COVERAGE,  AND  EXPOSURE  DEFINITIONS. 

2.2.1  Assumptions.  In  order  to  meet  FAA  information  needs  as  well  as  data  analy¬ 
sis  objectives  of  this  study,  a  framework  for  the  data  collection  was  established. 
This  framework  consisted  of  the  following  assumptions: 

1.  This  study  will  be  a  census  of  the  worldwide  bird  ingestion  events. 

2.  A  bird  ingestion  event  is  a  rare  but  probable  phenomenon.  Few  such 

events  are  expected. 

3.  The  bird  characteristics,  i.e.,  the  number,  weight,  and  species  must  be 

determined. 

2.2.2  Coverage.  The  aircraft  with  HBPR  engines  in  service  during  the  study  period 
constituted  the  total  population  of  this  study.  The  four  engine  models  —  JT9D 
(PWA),  CF6  (GE),  RB.211  (RR),  and  CFM  56  (CFMI)  —  were  arbitrarily  assigned  a 
coding  of  one  through  four  for  the  engine  identifier.  The  eight  aircraft  types 
studied  were  also  encoded  in  the  data  base  but  will  be  identified  by  name  in  this 
report.  The  aircraft  types  are  McDonnel-Douglas  DCS -70  series  and  DC10;  Boeing 
B747 ,  B757,  B767;  Airbus  A300  and  A310;  and  Lockheed  L1011. 
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A  comparison  of  relative  sixe,  shape,  and  engine  position  for  these  HBFR  engined 
aircraft  is  shown  in  appendix  A.  The  distribution  of  these  aircraft  it  shown 
in  figure  2.1.  The  engine  distribution  by  make  and  model  for  these  aircraft  are 
shown  in  t  able  2.1. 

2.2.3  Exposure.  During  the  development  of  the  analysis  plan,  it  becasfe  apparent 
that  bird  ingestion  incidence  data  by  itself  will  not  be  useful  unless  some  measure 
of  exposure  is  defined.  In  other  words,  to  understand  the  magnitude  of  the  bird 
ingestion  problem  it  is  essential  to  determine  the  level  to  which  the  aircraft  in 
table  2.1  was  exposed,  on  a  worldwide  bases,  to  potential  bird  ingestions.  To 
compare  and  contrast  the  bird  ingestion  rates  of  the  various  aircraft  types,  it  was 
necessary  to  determine  the  total  number  of  operations  conducted  during  the  study 
period.  An  "operation,"  aa  used  in  this  study,  is  contrary  to  normal  Federal 
Aviation  Administration  (PAA)  practice.  A  flight,  for  example,  from  airport  "A"  to 
airport  "B"  is  counted  as  one  operation.  The  main  source  used  in  determining 
numbers  of  operations  was  the  Official  Airline  Guide  (OAG)  computer  tapea,  which 
are  updated  every  month.  These  tapes  were  used  to  identify  the  airline  schedules 
and  provide  data  such  as  aircraft  type,  departure  and  arrival  airports,  frequency 
of  flight,  and  domest ic/foreign  operations.  To  validate  the  accuracy  of  the  OAG 
operational  data,  engine  manufacturers'  data  were  used  as  a  cross-check.  Their 
operational  count  was  b.3  percent  higher  (163,000  operations)  than  the  OAG  data, 
further  investigation  revealed  that  92,000  of  these  operations  involved  the 
H7u7  aircraft  which  is  extensively  used  for  freighter  operations  and,  therefore, 
not  always  included  in  OAG  data.  The  data  reported  in  thia  study  include  freighter 
operations.  Worldwide,  approximately  2.7  million  operations  occurred  during  the 
study  period.  This  constituted  the  total  exposure  for  the  bird  ingestion  phenome¬ 
non  to  occur  for  the  worldwide  HBPR  engined  aircraft  fleet.  The  worldwide  opera¬ 
tions  by  aircraft  type  is  shown  in  figure  2.2. 

2.3  DATA  ADEQUACY ■ 

In  order  to  determine  if  sufficient  data  had  been  collected  to  allow  conclusions  to 
be  formulated,  the  following  guidelines  were  established: 

.  Sufficient  data  to  allow  a  reliable  assessment  of  the  bird  ingestion 
phenomenon. 

.  Sufficient  data  to  conduct  a  statistical  analysis  based  upon  the 
numbers,  weights,  snd  species  of  birds. 

.  Sufficient  data  to  conduct  a  statistical  analysis  of  the  engine  damage 
resulting  from  a  bird  ingestion — considering  the  bird  number,  weight, 
and  species. 

.  Sufficient  data  to  conduct  a  statistical  analysis  of  the  year-to-year 
variation  (if  any)  of  the  bird  ingestion  phenomena. 

Based  on  these  guidelines,  it  was  reported  at  the  end  of  the  first  year's  data 
collection  effort  (reference  1)  that  the  data  base  at  that  time  appeared  to  be 
inadequate,  in  most  instances,  to  allow  conclusions  to  be  formulated.  It  was  not 
known  at  the  time  if  the  first  year's  bird  ingestion  data  were  representative  of 
the  ingested  bird  population  distribution  for  a  typical  year.  For  these  reasons, 
the  data  collection  effort  was  extended  for  another  fourteen  (14)  months.  A 
comparison  of  the  first  and  second  year's  cummulet ive  distribution  of  ingestion 
events  is  presented  in  table  2.2  and  graphically  represented  in  figure  2.3. 
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NUMBER  OF  AIRCRAFT 


A310 


2.1  NUMBERS  OF  AIRCRAFT  AND  HBPR  ENGINES  IN  SERVICE  AS  OF  JUNE  30,  1984 


Aircraft  Total 


NUMBER  OF  OPERATIONS 


A310 


TABLE  2.2  CUMULATIVE  DISTRIBUTION  OF  INGESTION  EVENTS 
FOR  1ST  AND  2ND  YEAR 


Yaar  J. 

Taar  2 

Month 

K vanla 

Cm.  t 

•tenth 

tvanta 

Cm.  X 

Ha?  SI 

II 

1.7 

•toy  (2 

27 

ft. 7 

Jan  01 

14.7 

Jan  ftl 

17 

14.2 

Jill  si 

24 

22.7 

Jal  S2 

11 

24. ft 

Aug  SI 

47 

M.l 

Anft  >2 

12 

11.2 

Sap  SI 

11 

4ft  .ft 

Svo  t2 

2ft 

44.1 

Oct  SI 

46 

64.2 

Oct  (2 

10 

14.2 

Mo*  SI 

22 

71.6 

Nov  12 

11 

64.2 

Doc  SI 

17 

77.1 

Dac  >2 

21 

72.1 

Jan  S2 

11 

S2.1 

Jan  >1 

21 

7ft. 7 

fab  02 

10 

<1.6 

fab  SI 

24 

<7.4 

Mar  82 

10 

fti.7 

•tar  ft! 

22 

♦4.1 

Apr  82 

11 

100.0 

Apr  (1 

17 

100.0 

Total 

2ftft 

110 

84-13-9 

FIGURE  2.3  (SIMULATIVE  DISTRIBUTION  OF  1ST  AND  2ND  YEAR  BIRD  INGESTION  EVENTS 


In  order  to  ascertain  whether  the  bird  ingestions  event  distributions  were  the  same 
for  both  year  1  and  year  2,  the  non- par was trie  test  of  Kolmogorov-Sai rnov  was 
employed.  The  details  of  this  test  are  presented  in  appendix  C.  The  test  shows 
that  at  a  significant  level  of  five  (5)  percent,  we  can  safely  state  that  there  is 
no  difference  in  the  empirical  distribution  shown  in  figure  2.3  for  year  1  and  year 

2.  Therefore,  both  of  these  distributions  are  drawn  from  a  common  parent  distribu¬ 
tion.  Revised  (different  time  span)  first  and  second  year  cumulative  distributions 
are  presented  in  table  2.3  and  in  figure  2.4.  The  statistical  teat  cited  above 
affirms  the  same  conclusion  for  this  revised  data  as  was  reached  above. 

Based  upon  these  results,  it  was  decided  not  to  collect  further  bird  ingestion  data 
because  it  was  apparent  that  the  data  which  had  been  collected  were  representative 
for  both  years  of  the  worldwide  bird  ingestion  environment  for  the  aircraft  types 
studied.  Had  this  study  been  extended  one  or  possible  two  more  years  a  significant 
shift  in  the  bird  distribution  character istics  would  not  be  expected.  Additional 
bird  ingestion  data  collection  may  be  required  for  the  newer  aircraft  and/or  engine 
models  which  have  recently  entered  coaaaercial  revenue  service  (DC8-70  series,  B757, 
B767,  A310)  because  of  their  limited  exposure  history  as  evidenced  by  figures  2.1 
and  2.2. 

3.  DATA  ANALYSIS  AND  RESULTS. 


3.1  DESCRIPTION  OF  ANALYSIS  CATEGORIES. 

The  analysis  of  the  data  presented  in  the  following  sections  is  confined  to  five 
(5)  major  categories: 

.  Characteristics  of  Ingested  Birds 
.  Ingestion  Rates 

.  Airport  Bird  Ingestion  Experience 
.  Engine  Damage  and  Failure  Description 
.  Probability  Estimate  of  Bird  Ingestion  Related  Events 

Various  analytical  techniques  were  employed  to  manage  the  more  than  15,000  pieces 
of  information  collected  during  the  twenty-six  (26)  months  of  this  bird  ingestion 
study.  These  analytical  techniques  are  briefly  described  in  appendix  C.  The  use 
of  these  techniques  required  only  minimal  assumptions  of  the  underlying  statistical 
distributiona  of  theae  data  and  only  a  generalised  knowledge  of  bird  habits. 
Delineating  all  the  factors  relating  to  bird  ingestions  contained  in  the  15,000 
pieces  of  information  was  not  attempted. 

3.2  CHARACTERISTICS  OF  INGESTED  BIRDS. 

3.2.1  Bird  Types.  The  identification  of  the  types  and  sites  of  birds  being 
ingested  into  high  bypass  ratio  engines  wee  the  prime  objective  of  this  report. 
Appendix  D  wee  constructed  to  give  engineers,  ornithologists,  airport  managers, 
aircraft  flight  personnel,  and  other  interested  parties  in  the  aircraft  engine 
bird  ingestion  phenomenon  a  standardised  deecription  of  the  order,  family, 
and  species  of  birds  encountered,  typical  estimated  weights,  and  frequency  of 
occurrence.  References  2,  3,  and  4  were  used  extensively  in  structuring  appen¬ 
dix  0.  It  was  recognised,  «diile  constructing  this  appendix,  that  conaiderable 
weight  variations  may  be  found  among  individual  birds  of  any  one  species.  The 
weights  ehown  in  appendix  D  represent  an  easement  of  the  average  weights  based  on 
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the  available  information  from  reference*  3  and  4,  and  weight  information  submitted 
by  the  engine  manufacturer*  on  individual  bird  ingeation  evanta. 

During  the  courae  of  thia  atudy,  83  bird  apaciaa  ware  identified  aa  having  been 
involved  in  aircraft  angina  ingaationa.  The  overwhelming  majority  of  theae  species 
(79)  are  flocking  bird#  or  birda  which  group  together  on  the  ground  (in  thia  caae, 
the  airport)  after  feeding  or  tdtile  reating.  Flocking  and  grouping  birda  praaent 
the  greateat  hazard  to  aircraft.  The  seat  haaardoua  family  of  birda,  in  terma  of 
aircraft  engine  ingaationa,  ia  Laridae  (gull*,  etc.)  which  alone  account  for  33 
percent  of  all  engine  ingeationa.  The  gull*  are  cloaaly  followed  by  Accipitridae 
(kite*,  etc.)  which  account  for  20  percent  of  all  ingeationa.  Examination  of 
appendix  E  ahow*  that  two-  and  thrae-engine  bird  ingeationa  are  almoat  all  cauaed 
by  flocking  bird  apaciaa. 

Appendix  F  offer*  a  viaual  perspective  of  the  morphology  of  the  moat  commonly 
ingested  birda.  The  bird*  depicted  in  this  appendix  represent  specie*  which  have 
been  ingested  five  or  more  timea.  Theae  birds  are  shown  relative  to  their  aises 
measured  from  the  tip  of  the  bill  to  the  tip  of  the  tail. 

It  has  been  poaaible  to  validate  the  bird  weight  in  over  30  percent  of  the  bird 
ingestions.  Bird  remains  were  collected  from  the  engines  by  the  manufacturers  and 
sent  to  the  Smithsonian  Institution  for  identification  and  analysis  by  an  ornitho¬ 
logist.  From  the  remains,  the  ornithologist  not  only  determined  apeciea  but  in 
many  cases  also  sex  and  maturity.  Thia  information,  together  with  location  and 
time  of  year,  enabled  the  ornithologist  to  determine  a  range  of  weights  for  the 
bird(s) .  The  majority  of  bird  weights  reported  in  this  study  are  the  midpoints  of 
the  range  of  weights  aa  reported  by  the  ornithologist . 

3.2.2  Bird  Weight  Distribution.  Figure  3.1  shows  the  worldwide  diatribution  of 
bird  weights  and  also  highlights  the  average,  moat  likely,  and  median  bird  weights. 
The  average  bird  weight  per  event  sins  calculated  by  summing  all  known  bird  weights 
which  appeared  for  each  event  and  dividing  this  result  by  the  number  of  events. 
The  most  likely  weight  ia  that  weight  which  occurs  the  most  frequently.  The  weight 
at  which  an  equal  number  of  weights  occur,  both  above  and  below  it,  is  called  the 
median  weight.  It  should  be  noted  that  with  the  exception  of  the  very  heavy,  large 
birds  (vulture*,  eagles,  storks,  herons,  geese,  etc.)  which  arc  shown  in  figure  3.1 
as  weighing  more  than  64  ounce*  064),  the  bird  weight  distribution  is  very  sparse 
above  40  ounces  (2.3  pounds).  Figure  3.1  also  shows  that  a  disproportionate  number 
of  events  occur  at  discrete  weights.  In  many  of  these  cases,  the  weight  is 
peculiar  to  certain  bird  species.  For  example,  10  and  il  ounces  -  black-headed 
gulls,  silver  gulls;  16  ounces  -  pigeons,  rock  doves,  ring-billed  gulls;  20  ounces 
-  crows,  black-tailed  gulls;  24  and  28  ounces  -  black  kite;  32  ounces  -  red  kite, 
pintail  duck,  lesser  black-backed  gull,  black  kite;  36  and  40  ounces  -  Herring 
gull,  red  kite,  mallard  duck. 
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FIGURE  3.1  WORLDWIDE  DISTRIBUTION  OF  BIRD  WEIGHTS 


A  suaaary  of  the  bird  weights,  United  States  versus  foreign  is  presented  in 
table  3.1. 


TABLE  3.1  BIRD  WEIGHT  SUMKARY 


*  No  single  weight  can  be  identified  (see  figure  3.2),  observations  are  liaited. 

3.2.3  Bird  Distribution,  United  States  Versus  Foreign.  The  weight  distribution, 
by  origin  of  ingestion, is  presented  in  table  3.2  and  figure  3.2.  The  cuaulative 
weight  distribution  by  bird  origin  is  presented  in  table  3.3  and  figure  3.3. 

To  deteraine  if  these  two  bird  weight  distributions  shown  in  figure  3.3,  United 
States  versus  foreign,  are  siailar,  an  appropriate  statistical  test  the  Kolaogorov- 
Sairnov  (K.S.)  two-saaple  test  is  applied.  This  test  is  concerned  with  the  agree- 
aent  between  two  sets  of  saaple  values.  Two  weight  aaaplas  drawn  froa  the  sane 
weight  population  distribution,  should  show  that  the  cuaulative  distributions  of 
both  weight  saaples  aay  be  expected  to  be  fairly  close  to  each  other  and  should 
show  only  randoa  deviations  froa  the  weight  population  distributions.  8houid  the 
cuaulative  weight  distributions  of  the  two  saaples  diverge  too  auch  at  any  point, 
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TABLE  3.2  WEIGHT  DISTRIBUTION  Of  BIRD  INGESTION  EVENTS  BY  ORIGIN 


Weight 


(ox. ) 

U.S. 

Foreign 

Unk. 

World 

1-4 

6 

13 

3 

22 

5-8 

2 

19 

1 

22 

9-12 

5 

66 

4 

75 

13-16 

10 

29 

3 

42 

17-20 

5 

22 

2 

29 

21-24 

1 

29 

0 

30 

25-28 

1 

21 

0 

22 

29-32 

3 

20 

2 

25 

33-36 

6 

6 

1 

13 

37-40 

15 

13 

1 

29 

41-44 

2 

0 

1 

3 

45-48 

4 

2 

0 

6 

49-52 

0 

2 

0 

2 

53-56 

1 

l 

1 

3 

57-60 

0 

0 

0 

0 

61-64 

0 

0 

0 

0 

>  64 

5 

11 

0 

16 

TOTAL 

66 

254 

19 

339 
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TABLE  3.3  CUMULATIVE  WEIGHT  DISTRIBUTION  BY  BIRD  ORIGIN 


U.S.  Cuaulative 

Foreign  Cuaulative 

Bird  Weight 

Percentage 

Percent age 

<  5  ot. 

9.1 

5.1 

<  9  ot. 

12.1 

12.6 

<13  ot. 

19.7 

38.6 

<17  ot. 

34.8 

50.0 

<21  oc. 

42.4 

58.7 

<25  of. 

43.9 

70.1 

<29  of. 

45.5 

78.3 

<33  ot. 

50.0 

86.2 

<37  ot. 

59.1 

88.6 

<41  ot. 

81.8 

93.7 

<45  ot. 

84.9 

93.7 

<49  ot. 

90.9 

94.5 

<53  ot. 

90.9 

95.3 

<57  ot. 

92.4 

95.7 

<61  ot. 

92.4 

95.7 

<65  ot. 

92.4 

95.7 

<240 

100 

100 

OUNCES 
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FIGURE  3.3  CUMULATIVE  DISTRIBUTIONS  OF  U.S.  AND  FOREIGN  BIRD  WEIGHTS 


it  would  indicate  that  the  obaervationa  case  from  different  bird  weight  distribu- 
t  ions .  Figure  3.3  clearly  ahowa  that  large  weight  deviations  exist  between  the  two 
observed  distributions.  The  largest  deviation,  36.2,  occurs  at  cumulative  weight 
interval,  <29  ounces.  At  a  significance  level  of  5  percent,  the  K.S.  test  shows 
that  these  two  distributions  are  significantly  different,  that  is,  the  parent 
distributions  (U.S.  and  foreign)  of  bird  weights  are  not  the  some.  The  weight 
distributions  of  foreign.  United  States,  and  unknown  location  bird  ingestion 
events,  which  were  presented  in  figure  3.2  further  enhances  this  inference. 

3.2.4  Seasonal  Bird  Ingestion  Effects.  In  order  to  determine  seasonal  effects  on 
b  i  rd  Ingest  ion,  three  factors  had  to  be  taken  into  consideration.  First,  the 
northern  and  southern  hemispheres  experience  opposite  seasons.  Second,  aircraft 
operational  counts  increase  during  the  summer  months.  Third,  the  operational  count 
steadily  increased  during  the  course  of  this  study,  due  to  the  lifting  of  restric¬ 
tions  caused  by  the  air  traffic  controllers  strike  of  1981,  thereby  making  it 
difficult  to  compare  annual  seasonal  variations. 

The  seasons  were  defined  for  the  northern  and  southern  hemisphres  as  per  table  3.4. 
Inspection  of  the  operational  data  for  this  study  period  revealed  that,  worldwide, 
the  operational  count  increased  approximately  5  to  10  percent  during  the  simmser 
months  when  compared  to  the  winter  annths.  Unfortunately,  the  operational  data  by 
season  for  northern  and  southern  hemispheres  were  not  readily  available,  but  it  was 
determined  that  the  vast  majority  of  aircraft  operations  for  this  study  were 
conducted  in  the  northern  hemisphere. 


Season 

Spring 

Fall 

Winter 


TABU  3.4  SEASONAL  DEFINITIONS 


Northern  Hemisphere 
March  -  May 
June  -  August 
September  -  November 
December  -  February 


Southern  Hemisphere 
September  -  November 
December  -  February 
March  -  May 
June  -  August 


The  ingestion  events  data  were  divided  into  two  seasonal  cycles.  The  first  cycle 
contains  the  ingestion  data  for  the  first  year  of  this  study  (June  1981  -  May  1982) 
and  the  second  cycle  contains  the  ingestion  data  for  the  second  year  of  this  study 
(June  1982  -  May  1983).  These  two  cycles  were  compared  to  each  other,  first  in  the 
northern  hemisphere.  No  seasonal  adjustments  are  necessary  for  this  comparison. 
The  cycles  were  then  compared  to  each  other  for  both  hemispheres  combined  (world¬ 
wide)  in  conformance  with  the  seasonal  definitions  set  forth  in  table  3.4.  The 
resulting  ingestion  events  for  the  northern  hemisphere  and  worldwide  (combined 
hemispheres)  are  presented  in  table  3.3  for  each  of  the  two  cycles. 
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TABLE  3.3.  INCEST ION  EVENTS  BY  SEASON 


Northern  Hemisphere 


Cyc  le 

Summer 

Fall 

Winter 

S£rin& 

Total 

First  Cycle 

98 

94 

40 

63 

295 

Second  Cycle 

77 

88 

59 

33 

277 

Total 

175 

182 

99 

116 

572 

Worldwide 

Cyc  le 

Summer 

Fall 

Winter 

Spring 

Total 

First  Cyc le  - 

100 

101 

46 

63 

315 

Second  Cycle 

90 

92 

64 

55 

301 

Totsl 

190 

193 

110 

123 

616 

The  hypothesis  of  interest  is  to  determine  whether  the  seasonal  ingestion  event 
distributions  for  the  first  cycle  and  the  second  cycle  are  the  ease.  For  testing 
this  type  of  hypotheses  the  chi-square  test  (appendix  C)  for  homogeniety  of  two 
samples  was  employed.  The  chi-square  values  obtained  for  the  northern  hemisphere 
and  worldwide  are  6.67  and  4.95,  respectively,  which  are  not  significant  at  the  95 
percent  confidence  level.  Therefore,  we  can  conclude  that  there  are  no  difference 
between  the  two  seasonal  cycles. 

However,  this  does  not  imply  that  there  are  no  differences  among  the  seasons  within 
the  cycle  itself.  In  fact,  if  there  were  no  seasonal  effects,  the  ingestion  events 
should  be  evenly  distributed  among  the  four  seasons.  An  inspection  of  table  3.5 
indicates  that  during  the  winter  season  the  ingestion  events  are  significantly  less 
than  the  summer  and  fall  seasons.  The  statistical  test  strongly  indicates  that 
ingestion  events  by  season  within  each  of  the  cycles  are  heterogeneous  and,  there¬ 
fore,  seasonal  effects  on  the  ingestion  phenomenon  are  not  negligible. 

3.3  INGESTION  BATES. 

3.3.1  Bird  Ingestion  Rates,  United  States  Versus  Foreign.  Engine  bird  ingestion 
rates  indicate  that  the  Unted  States  and  foreign  bird  environments  are  not  the 
ssse.  A  comparison  of  United  States,  foreign,  and  worldwide  bird  ingestion  rates 
are  suamurixed  in  figure  3.4.  The  United  States  bird  ingestion  rate  is  approx¬ 
imately  one-third  to  one-half  of  the  foreign  bird  ingestion  rate,  even  taking  into 
account  those  bird  ingestions  for  which  locations  are  unknown  (cross-hatched  area). 
The  fact  that  the  United  States  operations  count  is  approximately  one-third  (35.6 
percent  -  table  3.6)  of  the  total  worldwide  count,  does  not  explain  the  difference 
in  the  United  States  versus  foreign  bird  ingestion  rates.  Examination  of  table  3.6 
shows  that  the  DC 10  and  L1011  aircraft  have  approximately  equal  oparations  in  both 
the  United  States  and  foreign  environments,  yet  both  aircraft  types  display  a 
higher  (by  a  factor  greater  than  2)  foreign  ingestion  rate  than  United  States 
ingestion  rate.  All  aircraft  types  studied  exhibited  lower  ingestion  rate  while 
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(INGESTIONS  PER  10,000  OPERATIONS) 


ted  St 
■e  the 
g  the  coui 


21 

66 

6 

97 

338,675 

356,162 

692,616 

10 

133 

1 

166 

78,861 

637,605 

516,266 

36 

236 

29 

297 

237,756 

665,396 

883,150 

1 

0 

0 

1 

3,079 

3,321 

6,600 

} 

1 

0 

6 

22,586 

2,556 

25,138 

23 

57 

11 

91 

277,679 

311,321 

589,000 

0 

2 

0 

2 

0 

3,060 

3,060 

97 

(15. 2Z> 

696 

(77.62) 

67 

(7.62) 

636 

(100.02) 

975,659 

(35.62) 

1,762,861 

(66.62) 

2,738,320 

(100.02) 

ttz 
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The  United  States  ingestion  r ate  ia  much  lower  than  the  foreign  ingestion  rate. 
The  statistical  teat  for  comparing  two  Poisson  rates  (appendix  C)  indicates  that 
the  difference  between  the  United  States  and  foreign  ratea,  under  the  assumption 
that  these  ratea  are  equivalent,  ia  highly  unlikely.  In  other  words,  the  differ¬ 
ence  noted  ia  not  due  to  random  variation  but  strongly  suggests  that  these  rates 
describe  two  distinct  Poisson  distributions.  The  United  States  bird  envirooaent 
appears  to  be  different  from  the  foreign  bird  environment.  Table  3.7  presents  a 
summary  of  these  rates. 


TABLE  3.7  SUMMARY  OF  OPERATIONS,  EVENTS,  AND  INGESTION  RATES  FOR  KNOWN 
LOCATIONS  (INGESTION  EVENTS  BY  SELECTED  AIRCRAFT  TYPES) 


Aircraft  Types 


DC10 

A300 

B747 

B757 

B767 

L10U 

u.s. 

Operat ions 

256,902 

86,530 

193,580 

1,879 

11,158 

202,802 

Events 

21 

6 

27 

1 

2 

15 

Rstes/lOK  Ops 

0.82 

0.69 

1.40 

5.32 

1.79 

0.74 

Foreign 

Operations  269,354 

329,164 

511,205 

1,505 

2,004 

175,288 

Events  50 

97 

167 

0 

1 

40 

Rstes/lOK  Ops  1.86 

2.95 

3.37 

0.00 

4.99 

2.28 

NOTE:  Airport  statistics  given  in  this  table  pertain  to  only  those  airports  which 
are  identified  in  appendix  E.  The  airports  designated  (XUS)  Unknown  United  States, 
(XFO)  Unknown  Foreign,  and  (XXX)  Unknown  location,  are  excluded  from  this  table. 
No  airport  operations  data  were  available  for  the  DCS  and  A310  aircraft. 

3.3.2  Comparison  Of  Bird  Ingestion  Rates  By  Aircraft  Type. 

3. 3. 2.1  Engine  Position.  A  unique  feature  of  this  data  gathering  effort  has  been 
the  opportunity  to  study  the  bird  ingestion  phenomenon  from  the  standpoint  of  air¬ 
craft  which  are  engined  in  three  basically  different  configurations  (appendix  A). 
These  configurations  are:  two-wing  mounted  engines  (A300,  A310 ,B757 ,B767 ) , 
two  wing-  and  one  tail-mounted  engine  (DC10,  LI 01 1 ) ,  and  four  wing-mounted  engines 
(B747,  DCS).  It  is  of  interest  to  determine  whether  or  not  the  aircraft  engine 
configuration  has  an  impact  on  the  bird  ingestion  rate  which  these  aircraft 
experience.  Table  3.6  presented  the  bird  ingestion  rates  for  these  aircraft.  This 
analysis  is  confined  to  the  DC10,  A3 00 ,  B747,  and  LI  Oil  for  which  there  is  auffi- 
cent  operational  and  bird  ingestion  data.  The  other  aircraft  have  not  been  in 
service  long  enough. 
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Figure  3.5  present*  the  bird  ingestion  location  by  engine  position  for  the  four 
aircraft  types  under  consideration.  The  number  2  (center)  engine  poaition  of  the 
DC10  and  L101 1  aircraft  experienced  relatively  few  bird  ingestions  when  compared  to 
positions  I  and  3.  The  DC 10  experienced  97  ingestion  events  and  only  one  of  these 
involved  the  center  aft  engine  (one  percent).  The  L1011  experienced  91  ingeation 
events  and  9  of  these  involved  the  center  aft  engine  (10  percent).  Figure  3.5 
shows  Che  fairly  even  distribution  of  bird  ingestions  among  the  four  aircraft  and 
engine  locations  under  consideration.  That  the  center  aft  engine  location  of  the 
DC  1 0  and  L1011  aircraft  experience  relatively  few  ingeations  indicates  that  this 
phenomenon  is  engine  position  dependent.  From  the  bird  ingestion  phenomena  point 
of  view,  these  two  aircrsft  types  may  be  considered  to  have  only  two  engines. 

Table  3.6  also  showed  that  the  B747  aircraft  exhibits  the  highest  bird  ingestion 
rate  of  all  the  aircraft  types  under  consideration.  Since  the  B747  is  a  four- 
engine  (all  wing-mounted)  aircraft,  it  should  exhibit  approximately  twice  the 
ingestion  rate  of  the  DC10,  L1011,  or  A300.  In  order  to  determine  the  validity  of 
such  a  hypothesis,  the  operating  environment  of  the  B747  was  investigated. 

It  was  determined  that  the  B747  aircraft  experienced  bird  ingestions  at  72  known 
airport  locations.  The  B747  bird  ingestion  rate  at  these  locations  was  compared  to 
the  bird  ingestion  rate  of  the  other  three  aircraft  types  at  the  same  72  airports. 
Table  3.8  presents  this  data  and  shows  that  the  B747  ingestion  rate,  in  its  exclu¬ 
sive  sec  of  72  airports,  is  over  twice  the  rate  of  the  DC10  and  L1011.  The  ratio 
between  the  A300  and  B747  is  approximately  1  to  1.7.  This  suggests  that  the  B747, 
which  has  twice  the  number  of  wing-mounted  engines  compared  to  these  other  aircraft 
types,  experiences  approximately  twice  the  exposure  risk.  Thus,  it  is  highly 
probable  that  four  wing-mounted  engines  will  result  in  greater  numbers  of  bird 
ingestion  events  (by  a  factor  of  approximately  two)  than  only  two  wing-mounted 
engines  while  operating  in  a  comparable  environment. 

TABLE  3.8  COMPARISON  OF  BIRD  1NCEST10N  RATES  BASED  UPON  B747 
INGESTION  LOCATIONS 


DC10 

A300 

B747 

L1011 

Ope rat  ions 

344,344  (49.7) 

269,617  (52.2) 

616,954  (69.9) 

249,750  (42.4) 

Bird  Ingestion 

42 

51 

194 

33 

Events 

Ingestion  Rate/ 

1.22 

1.89 

3.14 

1.32 

10K  Opa. 


Note:  (  )  denotes  percent  of  total  worldwide  operations  per  aircraft  type  for  26 
months. 

Figure  3.5  presents  a  summary  of  the  engine  positions  which  experienced  bird 
ingestions  by  aircraft  type. 


(c)  B747  Aircraft  (d)  AJ00  Alrcraft 


FICURE  3.5  BIRO  INGESTION  FREQUENCY  VERSUS  ENGINE  POSITION 


3,3. 2.2  Aircraft  Operational  Environment.  In  order  to  assess  the  effecta  of  the 
aircraft  operat tonal  environment  on  the  ingeation  ratea,  tablea  3.9  and  3.10  were 
developed.  Table  3.9  addreaaed  only  thoae  airport  locationa  where  it  ia  known 
that  an  ingeation  had  taken  place.  Table  3.10  addreaaea  thoae  airporta  also, 
however,  the  ingeationa  which  occurred  at  unknown  locationa  are  alao  included 
in  this  table.  For  example,  it  ia  ahown  in  both  tablea  that  the  DC10  aircraft 
served  114  airports  with  a  corresponding  operations  count  of  526,256.  Table  3.9 
shows  that  known  location  ingestions  occurred  at  only  47  of  these  airports  with  a 
corresponding  operations  count  of  338,642.  Additionally,  71  ingeationa  can  be 
attributed  to  these  47  airports  yielding  an  ingestion  rate  of  2.10.  Continuing 
this  example  for  the  DC10,  it  can  be  seen  that  in  table  3.10,  97  ingestions  were 
now  attributed  to  these  same  47  airporta,  yielding  an  ingeation  rate  of  2.86. 
Adding  those  DC10  ingeationa  for  which  the  geographic  locations  are  unknown,  under 
the  assumption  that  the  unknown  location  ingeationa  occurred  at  these  airporta, 
increaaes  the  rate. 

Tablea  3.9  and  3.10  present  similar  data  for  the  A300,  B747,  and  L1011.  The 
ingestion  rates  shown  in  these  tablea  reflect  thoae  rates  which  the  aircraft 
experience  in  their  respective  operational  environments.  Certain  airports  may  or 
may  not  be  common  to  all  aircraft  types  under  consideration.  In  general,  the 
ingeation  ratea  vary  conaiderably  among  the  aircraft  types  studied.  In  other 
words,  this  aircraft  operational  environmental  assessment  suggests  that  there  are 
considerably  different  rates  that  could  be  attributed  to  routing  structure  and  many 
other  factors  which  were  not  explicitly  exmained  during  this  study. 

There 
into 

more  than  one  engine  per  aircraft.  Twenty-two  events  occurred  wherein  two  engines 
ingested  birds.  Three  events  occurred  wherein  three  engines  ingesteu  birds.  The 
geographic  ingestion  location  of  two  of  the  multiple  engine  ingestion  events  is 
unknown.  Twenty-one  of  the  remaining  23  events  occured  in  the  foreign  environment, 
yielding  a  foreign  ingestion  rate  of  0.119  ingestions  per  10,000  operations.  The 
United  States  rate  is  0.021  ingestions  per  10,000  operations.  The  foreign  multiple 
engine  ingestion  rate  is  5.8  times  greater  than  the  United  States  rate. 

For  comparison,  the  foreign  rate  at  the  end  of  the  first  year  was  0.116  ingestions 
per  10,000  operations  while  the  United  States  rate  was  0.047.  This  indicates  that 
the  foreign  multiple  engine  ingestion  rate  has  remained  relatively  constant  over 
the  2  years  of  this  study.  The  United  States  multiple  engine  ingestion  rate  has 
been  halved  from  the  first  to  the  second  year  because  no  United  States  multiple 
engine  ingestions  have  been  reported  during  the  second  year  of  this  study.  This 
comparison  of  the  United  States  versus  foreign  mulitple  engine  ingestion  rates  for 
26  months,  further  suggests  that  the  United  States  and  foreign  bird  environments 
are  not  the  same. 

3.4  AIRPORT  BIRD  INGESTION  EXPERIENCE. 

With  the  exception  of  those  events  where  the  geographic  bird  ingestion  location 
is  unknown,  all  remaining  ingeationa  occurred  in  the  airport  environment.  “Environ¬ 
ment"  in  this  case  may  be  defined  as  the  airport  and  the  airspace  immediately  above 
and  adjacent  to  it.  Over  76  percent  of  all  known  bird  ingeationa  occur  during  the 
combined  takeoff  and  landing  phases-of-flight.  These  phaaes-of-flight  occur  mostly 
within  the  geographical  confines  of  the  airport. 


3.3.3  Multiple  Engine  Bird  Ingeation  Ratea^  United  States  Versus  Foreign, 
were  a  total  of  25  multiple  engine  ingestions,  that  is,  birds  were  ingested 


TABLE  3.9  AIRCRAFT  BIRD  INGESTION  RATES  UTILIZING  ONLY  KNOWN 
BIRD  INCESTION  LOCATION  DATA 


DC10 

Aircraft 

A300 

TIP« 

B747 

L10U 

Airport*  Served 

114 

101 

110 

88 

Operations 

526,256 

415,694 

704,785 

378,090 

Ingestions 

71 

103 

194 

55 

Rate/lOK  Ops 

1.35 

2.48 

2.75 

1.46 

Airports  Served 

Where  Ingestion  Occurred 

47 

45 

72 

32 

Operat ions 

338,642 

237,570 

616,954 

239,160 

Ingestions 

71 

103 

194 

55 

Rate/lOK  Ops 

2.10 

4.34 

3.14 

2.30 

TABLE  3.10  AIRCRAFT  BIRD 

INGESTION  RATES 

UTILIZING 

COMBINED 

KNOWN  AND 

UNKNOWN  BIRD  INCESTION  LOCATION  DATA 

Aircraft  Type 


DC10 

A300 

B747 

L1011 

Airports  Served 

114 

101 

110 

88 

Operat ions 

526,256 

415,694 

704,785 

378,090 

Ingestions 

97 

144 

297 

91 

Rata/lOK  Ops 

1.84 

3.46 

4.21 

2.41 

Airports  Served 

Where  Ingestion  Occurred 

47 

45 

72 

32 

Operation 

338,642 

237,570 

616,954 

239,160 

Ingestions 

97 

144 

297 

91 

Rate/lOK  Ops 

2.86 

6.06 

4.81 

3.81 

23 


Over  90  percent  of  the  bird  ingestions  which  occurred  during  the  course  of  this 
study,  for  which  the  altitudes  are  known,  occurred  below  3000  feet.  Most  engine 
bird  ingestions  are  encountered  when  the  aircraft  is  relatively  close  to,  if  not 
on,  the  ground.  Consequently,  the  bird  ingestion  phenomenon  suggests  an  airport 
environment  problem,  at  least  for  the  aircraft  types  investigated  during  the  course 
of  this  study.  The  phases-of- f 1 ight  in  which  the  bird  ingestion  events  occurred 
are  graphically  depicted  in  figure  3.7.  The  phase-of-f light  data  used  to  generate 
this  figure  are  those  data  reported  by  the  operator  of  the  aircraft.  It  is 
recognized  that  phaae-of- f l ight  definitions  vary  considerably  in  the  industry, 
however,  the  data  are  a  compilation  from  many  operatora  and  it  is  assumed  that 
normal  data  scatter  would  tend  to  mitigate  any  bias  in  phase-of-f light  definitions. 


JSO  ii 


PHAM  OP  FLIGHT 


FIGURE  3.7  PHASE-OF-FLIGHT  VERSUS  NUMBER  OF  BIRD  INGESTION  EVENTS 


From  the  OAC  tapes  it  was  determined  that  approximately  429  airporta  worldwide 

accommodated  the  eight  aircraft  typaa  studied.  Sixty-two  of  theae  airports  are 

located  in  the  United  State*  and  367  are  in  foreign  locations.  During  the  course 
of  this  study,  engine  bird  ingeationa  were  experienced  at  22  known  United  States 
airport  location*  and  113  known  foreign  airport  locations.  Figure  3.S  lists  these 
airports  along  with  the  number  of  ingeation  events  which  occurred  at  each  location. 

The  acronym  identifiers  for  these  137  airports  are  listed  in  appendix  G.  It  should 

be  noted  that  airport  identifiers  XUS  and  XFO  denote  bird  ingeationa  in  United 
States  and  foreign  locations,  respectively;  however,  the  exact  airport  where  the 
ingestion  occurred  is  not  known.  In  addition,  the  bird  ingestion  data  base 
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FIGURE  3.B  BIRO  INGESTION  FREQUENCY 


*T" 


"a wkx* 


c  « 


IQN  AIRPORTS 


8A-13-20 


(appendix  E)  liata  an  airport  identifier  XXX  which  denotea  that  the  bird  ingeation 
occurred  at  a  totally  unknown  location.  Often  it  ia  known  that  a  bird  ingeation 
has  taken  place  as  evidenced  by  preflight  and  poatflight  inspections  of  the  engines 
or  during  an  engine  teardown  for  Maintenance.  In  aoat  of  theae  caaea  the  exact 
geographic  ingestion  location  ia  unknown.  It  ia  possible,  in  aany  caaea,  to 
determine  whether  the  ingeation  occurred  in  the  United  Statea  or  in  a  foreign 
location  by  extrapolating  the  known  data  auch  aa  operationa  between  United  Statea 
or  foreign  city  pairs  and  operator  route  atructurea.  Utilising  thia  technique,  it 
was  possible  to  broadly  identify  the  United  Statea  or  foreign  ingeation  location 
for  161  of  the  208  unknown  ingeation  locationa.  The  remaining  47  eventa  occurred 
at  an  unknown  location  (XXX).  Table  3.11  liata  the  geographic  diatribution  of 
engine  bird  ingeation  events,  including  the  general  locationa  XUS  and  XPO. 


TABLE  3.11  GEOGRAPHIC  DISTRIBUTION  OP  BIRD  INGESTION  EVENTS 


U.S, 

Foreign 

Worldwii 

Known  Location  Ingestions 

72 

358 

Extrapolated  Location  Ingestions 

25 

(XUS) 

136 

(XFO) 

— — 

Unknown  Location  Ingestions 

— 

— 

47 

(XXX) 

Total  Ingestions 

97 

494 

638 

The  geographic  diatribution  of  the  430  bird  ingeation  eventa  where  geographic 
location  ia  known  are  ahown  on  the  world  wap,  figure  3.9. 

As  previously  stated,  the  638  engine  bird  ingestion  eventa  which  have  been  reported 
during  this  study  have  occurred  at  137  airports  around  the  world.  This  yielda  a 
worldwide  airport  bird  ingeation  event  rate  of  4.65  bird  ingeation  events  per 
airport.  All  airports  which  experienced  5  or  more  bird  ingestion  events  during  the 
course  of  this  study  were  examined.  Results  are  presented  in  table  3.12.  Analysis 
of  the  data  contained  in  this  table  shows  that  25  airports  account  for  36.5  percent 
of  all  worldwide  bird  ingeation  events  for  the  aircraft  types  studied.  In  addition, 
•oat  of  these  airports  are  located  in  5  distinct  geographic  areas  of  the  world  — 
the  interior  of  the  Indian  subcontinent,  extreme  Western  Europe  (including 
England),  the  United  States  east  coast  (including  the  Canadian  Great  Lakes  Region), 
the  United  Statea  and  Canadian  West  Coast,  and  the  islands  of  Japan.  Figure  3.9 
depicts  theae  locations  as  well  as  other,  less  frequent  bird  ingestion  locationa. 
Appendix  H  lists  all  airports  including  bird  ingestion  eventa,  operationa,  and 
ingestion  rates  by  aircraft  type. 

In  addition,  appendix  H  lists  19  airports  which  have  experienced  multiple  engine 
ingestions.  Twenty-five  such  events  occurred  (22  two-engine  events  and  three 
three-engine  events).  Four  of  the  multiple-engine  ingestions  resulted  in  at  least 
one  of  the  engines  failing.  In  one  of  theae  cases,  two  engines  failed  on  a  four- 
engined  aircraft  during  the  approach  phase  of  the  flight.  This  was  the  only 
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NOTE: 


TABLE  3.12  AIRPORT  BIRD  INGESTION  RATES 


(S  Or  More  Ingest ione) 


Airport 

Operations 

Ingestions 

Rate/lOK  Ops 

Rank 

LYS 

3863 

7 

18.12 

1 

TLS 

3573 

6 

16.79 

2 

HYD 

3232 

5 

15.47 

3 

NBO 

7767 

8 

10.30 

4 

DUR 

5739 

5 

8.71 

5 

MGS 

5861 

5 

8.53 

6 

YUL 

7041 

6 

8.52 

7 

YVR 

9266 

7 

7.55 

8 

KHI 

17013 

10 

5.88 

9 

DEL 

17190 

10 

5.82 

10 

AMS 

17279 

10 

5.79 

11 

BOH 

26062 

14 

5.37 

12 

rut 

22698 

12 

5.28 

13 

ORY 

41689 

22 

5.28 

14 

POO 

27501 

8 

2.91 

15 

CDC 

47054 

12 

2.55 

16 

YYZ 

24982 

6 

2.40 

17 

HMD 

65874 

15 

2.28 

18 

SYD 

27631 

6 

2.17 

19 

LHR 

64731 

13 

2.01 

20 

JFK 

116769 

23 

1.97 

21 

M HU 

39167 

5 

1.28 

22 

OSA 

55474 

6 

1.08 

23 

MU 

64913 

5 

0.7Z 

24 

LAX 

103027 

7 

0.68 

25 

See  appendix  G  for  airport  identifiers. 
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two-engine  failure  deterained  during  this  study.  None  of  the  three-engine 
ingeation  event*  resulted  in  an  engine  failure.  A  suanary  of  the  aultiple  engine 
ingestion  events  are  presented  in  table  3.13. 


TABLE  3 

13  MULTIPLE 

ENGINE  INGESTION 

EVENTS 

Aircraft 

Engines 

Phase  Of 

No.  Of 

Bi  rd 

Airport 

Type 

Involved 

Flight 

Birds 

Weight  (os.) 

AMS 

B747 

3 

Takeoff 

-.-.2 

8  os. 

BOD 

A300 

2 

Takeoff 

1.1 

32  os. 

BW1 

DC10 

2 

Landing 

-  os. 

CPH 

D747 

2 

Approach 

1.2 

16  os. 

CPH 

DC10 

2* 

Takeoff 

1.2 

14  os. 

DPS 

B747 

2 

Takeoff 

-  os. 

EBB 

DC10 

2 

Takeoff 

1.2 

40  os. 

EZE 

B747 

2 

Takeoff 

3.4 

13  Os. 

HMD 

0C10 

2 

Approach 

“»* 

20  os. 

JED 

B747 

2** 

Approach 

11  os. 

KAN 

DC10 

2 

Land i ng 

-  os. 

KHI 

B747 

2 

Takeoff 

1.1 

40  os. 

LHE 

A300 

2 

Land i ng 

1.1 

32  os. 

LHR 

L1011 

2 

TSkeoff 

1.1 

10  os. 

LHR 

B747 

3 

Landing 

-  os. 

MEL 

A300 

2 

Takeoff 

1.1 

24  os. 

MEL 

B747 

2* 

Clisri) 

5.4 

20  os. 

MWH 

B747 

2 

Approach 

1.1 

80  os. 

ORY 

A3  00 

2 

Takeoff 

2.2 

11  os. 

ORY 

B747 

2 

Takeoff 

1.1 

10  os. 

SYD 

B747 

3 

Takeoff 

2.2,2 

11  os. 

YVR 

B747 

2 

Landing 

-  os. 

ZRH 

B747 

2* 

Takeoff 

6,3 

13  os. 

XXX 

DC10 

2 

Unknown 

-  os. 

XXX 

B747 

2 

Unknown 

1.3 

9  os. 

(*)  Represents  One  Engine  Failed 
(+*)  Represents  Two  Engines  Failed 
(XXX)  Unknown  Location 
(-)  Unknown 


The  location  of  airports  within  the  aforesMnt ioned  geographic  areas,  as  well  as 
other  areas  of  the  world,  often  detcrainee  the  aagnitude  of  the  bird  ingestion 
prob lea  which  the  airports  experience.  Often  they  are  located  in  bird  flyways  or 
along  bird  aigration  routes.  The  vast  opan  areas  of  airports  are  a  natural  resting 
place  for  the  birds  in  these  situations.  Although  it  was  not  a  specific  objective 
of  this  study  to  deteraine  why  birds  often  prefer  to  inhabit  the  airport  environ- 
aent,  the  reports  of  the  engine  aanufacturers  (PWA,  CE,  RR)  in  aany  cases  contained 
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great  detail  with  regard  to  the  airport  environment  where  a  particular  bird  inges¬ 
tion  had  taken  place.  Such  factors  as  the  grass  height,  availability  of  food, 
proximity  to  bodies  of  water,  number  of  aircraft  operations,  nuaber  of  runways,  and 
other  factors  often  deteraine  not  only  the  quantity  of  birds  present  on  the  air¬ 
port,  but  the  type  of  bird  as  well.  Many  airports  h*>‘>  instituted  bird  control 
programs  with  varying  degrees  of  success.  On  the  surface  it  appears  that  such 
programs  must  be  tailored  to  the  particular  needs  of  each  airport. 

A  summary  of  the  information  contained  in  this  airport  section  is  presented  in 
t  ab  1  e  3.14i. 

TABLE  3.14  SUMMARY  OP  AIRPORT  INGESTION  EVENTS 


Aircraft  Types 


DC10 

A300 

8747 

8757 

8767 

L1011 

Total 

Known  Airport 
Locations 

Operations 

526,256 

415,694 

704,785 

3,384 

13,162 

378,090 

2,041.371 

Events 

71 

103 

194 

1 

3 

55 

427 

Kates/lOK  Ops 

1.35 

2.48 

2.75 

2.96 

2.28 

1.45 

2.09 

World 

Operat ions 

692,616 

516,246 

883,150 

6,400 

25,138 

589,000 

2,712,550 

Events 

97 

144 

297 

1 

4 

91 

634 

Rates/lOK  Ops 

1.40 

2.79 

3.36 

1.56 

1.59 

1.54 

2.34 

Percent  of 
Worldwide 
Operations  at 
Known  Airport 
Locat ions 

76.0 

80.5 

79.8 

52.9 

52,4 

64.2 

75.4 

NOTE:  Airport  statistics  are  based  on  137  airports  identified  in  appendix  E. 
The  the  events  for  Unknown  United  States  (XUS),  Unknown  Poreign  (XPO),  and  Unknown 
locations  (XXX),  are  excluded  from  known  airport  location  statistics.  Por  the 
DCS  and  A310  aircraft,  data  by  airports  is  not  available. 

3.3  ENGINE  DAMAGE  AND  PA I LURE  DESCRIPTION. 

Damage  assessment  was  determined  by  utilising  the  engine  manufacturers'  written 
reports,  photographs  of  individual  bird  ingestion  events,  and  detailed  review  of 
the  evidence  by  PAA  Technical  Center  personnel.  The  engines  experienced  666 
ingestions  during  the  26  months  of  this  study.  Sixty-two  percent  (416)  of  these 
engines  experienced  some  degree  of  damage.  Por  the  purposes  of  this  study, 
nine  generalised  engine  damage  categories  were  defined.  PAA  Technical  Center 
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personnel  reviewed  eech  of  the  666  engine  ingestions  end  characterised  the  damage 
according  to  the  nine  generalised  categories.  The  results  of  this  detailed  tech¬ 
nical  damage  assessment  for  each  engine  ingestion  are  tabulated  in  appendis  E.  The 
nine  generalised  dmaage  categories!  coded  1  through  9,  are: 

1.  N/A  -  No  damage. 

2.  Bent  -  One  to  10  fan  blades  bent  (minor  dmaage). 

3.  Bent  Many  -  More  than  10  fan  blades  bent. 

4.  Broken  -  Broken  fan  blade(s),  leading  edge  and/or  tip  pieces 

missing,  other  blades  also  bent. 

5.  Transverse  Fracture  -  A  fan  blade  broken  chordwise  (across)  and 

the  piece  is  missing  (includes  secondary  hard  object  damage). 

6.  Spinner  -  Dented,  broken,  or  cracked  spinner  (includes  spinner 

cap) . 

7.  Core  -  Bent/broken  compressor  blades/vanes,  blade/vane  clash,  blocked/ 

disrupted  airflow  in  low,  intermediate,  and  high  pressure  compressors. 

8.  Nacelle  -  Dents  and/or  punctures  to  the  engine  enclosure  (includes 

cowl) . 

9.  Other  -  Any  dmaage  not  previously  listed. 

Most  of  the  above  damage  categories  are  pictorial ly  represented  in  appendix  I. 

Figure  3.10  depicts  the  damage  categories  for  all  666  enginea  which  experienced  a 
bird  ingestion.  As  can  be  seen,  category  1  (no  dmaage)  and  category  2  (minor 
dmaage)  comprise  the  majority  of  the  entries  (over  60  percent). 

Figure  3.10  also  depicts  the  dmaage  sustained  by  those  engines  which  are  considered 
to  have  failed.  During  the  course  of  this  study,  an  engine  failure  was  defined  as 
the  engine's  inability  to  attain  and/or  maintain  approximately  30  percent  thrust. 
The  ability  of  the  engine  to  achieve  this  level  of  power  was  based  upon  the 
engineering  judgment  of  a  combined  group  of  U.8.  Government  aerospace  propulsion 
engineers.  Their  assessment  of  engine  failure  was  based  upon  photographic 
evidence,  extent  of  fan  and/or  core  damage,  transverse  fracture  of  a  fan  blade, 
phase-of-flight ,  engine  action  and  pilot  reaction,  in-flight  engine  data,  and 
personal  interviews  (by  the  contractor)  with  the  pilot.  All  of  these  criteria  were 
not  always  available.  Neither  this  report  nor  the  evidence  gathered  during  this 
study  is  intended  to  define  the  failure  SMchanism  of  these  engines.  However,  it 
can  be  stated  that  each  failure  mode  is  unique  end  complex.  No  attests  were  made 
to  compare  the  relative  merits  or  shortcomings  among  the  engine  modela,  or  for  that 
matter,  the  aircraft  types.  Examination  of  figure  3.10  shows  that  engines  which 
fail  (and  many  which  do  not  fail)  tend  to  have  multiple  damage  categoriea  asso¬ 
ciated  with  them.  This  is  evidenced  by  the  fact  that  32  enginea  were  considered  to 
have  failed,  however,  the  damage  aasociated  with  theee  engines  appears  103  times 
(filled-in  circles  figure  3.10).  This  is  expected,  due  to  the  secondary  hard 
object  damage  which  the  engine  can  ssperisnes  after  a  ssverly  damaging  bird  inges¬ 
tion.  In  these  cases,  typically,  a  bird  ingastion  may  causa  a  stage  1  fan  blade 
fracture  (or  spinner  failure)  which,  in  turn,  releases  hard  objects  such  as  pieces 
of  blade  (or  spinner  material).  These  herd  objects  are  reingested  into  the  fan 
and/or  core  engine  which  causes  seconds*!  damage.  For  example,  an  engine  which 
experiences  a  severely  damaging  ingestiom  may  suffer  a  transverse  blade  fracture 
(category  3)  which  releaaea  a  metal  blade  piece.  This  piece  is  re ingested  into 
the  fan  causing  other  blades  to  bredk  (category  A)  and  bending  still  other  blades 
(category  3),  damaging  the  nacelle  with  the  loose  fragments  (category  I),  Finally, 
these  fragments  may  be  ingested  into  the  core  angina  (category  7).  In  many  cases 
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FIGURE  3.10  BIRO  INGESTION  DAMAGE  CODES 


where  the  engine  failed,  such  a  scenario  is  common.  It  auat  be  reemphasized, 
however,  that  an  engine  failure  is  the  exception  rather  than  the  nora. 

Figure  3.11  shows  that  of  the  666  engines  which  experienced  a  bird  ingestion, 
inforaation  was  available  with  regard  to  the  weight  and  number  of  birds  ingested  in 
333  cases.  Additionally,  of  the  32  engine  failures,  information  regarding  the 
weight  and  nuaber  of  birds  ingested  was  available  in  30  cases.  Figure  3.11 
presents  these  data  and  shows  that  approxiaately  81  percent  of  the  bird  ingestions 
involve  only  one  bird,  with  a  corresponding  failure  rate  in  that  category  of  3.9 
percent  (16  engine  failures,  272  ingestions).  The  19  percent  of  the  ingestions 
which  involve  more  than  one  bird  have  a  corresponding  failure  rate  of  22  percent. 

The  preceding  discussion  points  out  a  pertinent  observation.  Namely,  the  engine 
failure  rate  for  single  bird  ingestions  (0.81  X  0.0S9  “  0.048)  and  multiple  bird 
ingestions  (0.19  X  0.22  "  0.042)  are  alaost  identical  and  compare  favorably  with 
the  worldwide  bird  ingestion  engine  failure  rate  of  4.8  percent  (32  engine  fail¬ 
ures,  666  ingestions).  Therefore,  with  regard  to  the  nuad>ers  of  birds  ingested, 
the  data  indicate  that  once  the  ingestion  has  occurred,  be  it  a  single  bird  or 
aultiple  birds,  the  probability  of  experiencing  an  engine  failure  is  approxiaately 
3  percent  in  either  case. 

With  regard  to  the  weights  of  these  birds,  figure  3.11  shows  that  birds  of  8  ounces 
or  less  do  not  generally  cause  HBPR  engines  to  fail.  Examination  of  appendix  E  for 
this  weight  category  also  reveals  that,  primarily,  ainor  or  no  damage  is  incurred. 
Half  of  the  bird  ingestions  and  engine  failures  occurred  between  9  and  24  ounces 
01/2  to  1  1/2  pounds).  Examining  the  weight  interval,  0  to  24  ounces,  and  compar¬ 
ing  the  engine  failures  against  ingestions,  yields  a  failure  rate  of  7.8  percent 
(217  ingestions  versus  17  failures).  Likewise,  the  weight  interval,  23  to  48 
ounces,  produces  a  rate  of  7.2  percent  (97  ingestions  versus  7  failures).  However, 
the  weight  interval  49  ounces  and  greater,  produces  a  failure  rate  of  28.6  percent 
(21  ingestions  versus  6  failures)  which  indicates  that  once  the  bird  weight  exceeds 
a  certain  value  (in  this  case,  3  pounds)  experiencing  an  engine  failure  becomes 
more  probable. 

Attempts  have  been  made  to  deteraine  the  association  among  engine  failures,  phase- 
of-flight,  number  of  birds,  and  bird  weight.  (It  should  be  noted  that  22  engine 
failures  out  of  32,  occurred  at  takeoff  and  3  engine  failures  occurred  during  the 
cliab  phase-of-flight.  These  two  phases-of-f light  account  for  84  percent  of  the 
engine  failures.)  The  results  of  these  atteapts  have  been  inconclusive  because 
insufficient  data  exists  to  allow  an  indepth  analysis.  However,  an  analysis  was 
conducted  which  sought  to  deteraine  the  association  between  bird  weight  and  nuaber 
of  birds  for  engines  which  failed  and  also  for  engines  which  did  not  fail.  Tables 
3.13  and  3.16  are  each  2X3  contingency  tables  which  show  the  data  of  figure  3.11 
condensed  for  analysis  purposes.  Note  that  the  weight  categories  (1  to  24,  23  to 
48,  >  49)  and  the  numbers  of  birds  (1,  >1)  are  the  same  as  the  previous  analysis. 
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TABU  3.15  EMC IKK  FAILURE  FREQUENCIES  BY  BIRD  WEIGHT  AND  NUMBER  OF  BIRDS 


NuAbtt  of  Bitdi  Bird  Weight 


1-24  ounces 

25-48  ounces 

>49  ounces 

Total 

1 

5 

5 

6 

16 

>1 

12 

2 

0 

14 

Total 

17 

7 

6 

30 

TABLE 

3.16 

NON-FA 1LED  ENGINE  FREQUENCIES  BY  BIRD  WEIGHT  AND  NUMBER 

OF  BIRDS 

Nuaber  of 

Birds 

Bird 

Weight 

1-24  ounces 

25-48  ounces 

>49  ounces 

Total 

1 

160 

81 

15 

256 

>1 

40 

9 

0 

49 

Total 

200 

90 

15 

305 

-1 

A  * 
<  * 

f 


The  Test  of  Association  of  Contingency  Tables  (appendix  C)  was  used  to  determine 
whether  a  strong  association  exists  between  bird  weight  and  nunfeer.  It  yielded  a 
value  of  10.08  for  table  3.15  data  and  a  value  of  6.83  for  table  3.16  data.  Both 
values  are  chi-square  distributed  with  2  degrees-of-freedoa.  Both  values  are 
significant  at  the  95  percent  confidence  level  and  negate  the  assertion  thst  the 
two  factors,  bird  weight  and  nuaber  of  birds,  are  independent.  The  aeasure  of 
association  between  these  two  factors  for  the  data  of  tables  3.15  and  3.16  are 
0.502  and  0.149,  respectively.  (Values  close  to  sero  indicate  lack  of  association 
between  the  row  and  coluan  factors  of  the  contingency  table,  whereas,  values  closer 
to  1.0  indicate  strong  association.)  The  association  aeaaure  for  engines  which 
failed  is  relatively  stronger  than  the  aeaaure  obtained  for  engines  which  did  not 
fail.  Although,  this  analysis  establishes  association  between  the  two  factors,  it 
does  not  indicate  that  engine  failures  are  predictable  based  on  the  knowledge  of 
nuaber  of  birds  and  their  weight.  The  underlying  reasoning  for  this  inference 
arises  froa  the  fact  that  the  chi-square  values  iaputed  in  the  data  of  tables  3.15 
and  3.16,  10.08  and  6.83,  respectively,  exhibit  no  significant  differences  in  their 
aagnitudes  to  suggest  that  the  underlying  distribution  of  these  two  saaples  are 
drastically  different.  The  test  to  deteraine  whether  these  two  chi-square  values 
cosm  froa  different  distributions  shows,  at  the  95  percent  confidence  level,  that 
there  is  no  difference  in  the  underlying  distributions  in  the  date  of  tables  3.15 
and  3.16.  This  supports  the  inference  that  association  between  the  two  factors 
cited,  naaely  bird  weight  and  bird  nubber,  does  not  provide,  by  itself,  the  basis 
for  predicting  an  engine  failure  as  a  function  of  bird  weight  and  nuaber  of  birds. 
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3.6  PROBABILITY  ESTIMATES  OF  BIRD  INGESTION  RELATED  EVENTS . 

The  bird  ingestion  data  which  haa  been  collected  during  the  2  years  of  this  study 
are  well  suited  to  the  discussion  of  probabilities.  As  has  been  stated,  one  of  the 
reasons  this  study  was  continued  into  a  second  year  was  in  order  to  verify  bird 
ingestion  trends  which  were  observed  during  the  first  year.  In  many  areas,  such  as 
geographic  ingestion  distribution,  total  ingestion  events,  weight  diatribut ion, 
multiple  engine  ingestions,  and  others,  the  repeatability  between  first  and  second 
year  data  was  very  good.  The  following  discussion  addresses  certain  of  these  areas 

3.6.1  Probability  of  Ingestion  of  One  or  More  Birds  of  A  Given  Weight  Range. 
Table  3.17  gives  the  frequency  of  single  and  multiple  bird  ingestion  events  by  bird 
weight.  The  probability  estimate  of  ingesting  one  or  more  birds  of  a  given  weight 
range  can  be  obtained  by  dividing  the  total  number  of  events  in  that  weight  range 
by  the  total  number  of  bird  ingestion  events.  For  example,  the  probability  of 
ingesting  one  or  more  birds  in  the  1-  to  8-ounce  weight  range  is  calculated  by: 
43/33)  -  0.128.  The  remaining  weight  range  probabilities  are  calculated  in  a 
similar  faahion. 

TABLE  3.17  INGESTION  PROBABILITIES  OF  SINGLE  AND  MULTIPLE 
BIRDS  BY  WEIGHT  CATEGORY 


Bird  Hfi|jU 


1 -•  ogg. 

9-1B  ogg. 

17-2*  obi  . 

25-32  ota. 

ll-*0  o*». 

*l-*8  at*. 

*8-56  at*. 

>5*  ot*. 

TOTAL 

Single  Bird 

j> 

82 

10 

** 

1* 

* 

5 

1* 

272 

Multiple  Bird 

10 

1) 

8 

2 

6 

1 

0 

0 

63 

Tot  el 

4 1 

111 

18 

*» 

*2 

8 

5 

1* 

335 

Condi t tonal 

Pr obabi 1 \lj 

0.128 

0.1.1 

0.17* 

0.117 

0.125 

0.027 

0.015 

0.0*8 

Umonait  tonal 
Probaba  la  tp 

10*1 0"* 

80*10'* 

*1*10'* 

12*10'* 

28*10'* 

*.1»10'6 

1.5*10'* 

11*10'* 

The  calculated  probability  is  conditional.  The  condition  being  that  an  ingeation 
has  taken  place.  The  unconditional  probability  is  obtained  by  multiplying  the 
conditional  probability  estimate  by  the  worldwide  ingeation  occurrence  probability 
of  2.33  X  10~*  (638  ingestions/2,738,382  operations).  Therefore,  the  uncondi¬ 
tional  probability  of  ingesting  one  or  more  birds  in  the  1-  to  8-ounce  weight  range 
is  0.128  X  (2.33  X  10“*)  ■  30  X  10“®.  In  other  words,  this  data  indicates  that 
for  every  one  million  HBPR  aircraft  operations,  it  is  expected  that  30  bird  inges¬ 
tions  of  single  or  multiple  birds  in  the  1-  to  8-ounce  weight  range  will  occur. 

3.6.2  Probability  of  Ingestion  of  Multiple  Birds  Per  Engine.  The  data  show  that 
63  engines  have  experienced  an  ingestion  of  more  than  one  bird  (multiple  birds  per 
ingestion).  It  is  known  that  a  total  of  666  engines  experienced  a  bird  ingestion. 
The  conditional  probability  estimate  of  experiencing  a  multiple  birds  per  engine 
ingestion  is  therefore  0.098  (6)  multiple  bird  ingest ions/666  engine  ingestions). 
The  unconditional  probability  estimate  of  such  an  event  occurring  is  22.7  X  10“® 
or  about  23  aailtiple  bird  ingestions  per  one  million  operations. 


3.6.3  Probability  of  Multiple  Engine  Ingestions.  Twenty-five  multiple  engine 
ingestion  event*  occurred  during  thi*  study.  The  conditional  probability  estimate 
of  such  an  event  occurring  i*  0.019  (25  multiple  engine  ingeation  events/638 
ingeation  events).  The  unc ond i t i onal  probability  estimate  is  approximately 
9  X  10~6  or  nine  multiple  engine  ingestions  event*  per  million  operations. 

4 .  SUMMARY . 
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The  purpose  of  this  investigation  was  to  determine  the  numbers,  weights,  and 
species  of  birds  which  are  being  ingested  into  large  high  bypass  ratio  (HBPR) 
turbine  aircraft  engines  during  service  operation  and  determine  what  damage,  if 
any,  resulted.  To  *w>et  this  objective,  the  PAA  Technical  Center  and  three  engine 
contractors  —  Pratt  and  Whitney  Aircraft,  General  Electric  Company,  and  Rolls- 
Royce  Incorporated  —  gathered  worldwide  bird  ingeation  data. 

During  the  course  of  this  study,  1513  HBPR  engined  aircraft  conducted  2.7  million 
operations  and  were  involved  in  638  bird  ingestion  events.  The  first  and  second 
year's  bird  ingestion  distributions  were  compared.  It  was  determined  that  their 
distributions  were  statistically  similar,  therefore,  no  further  data  was  collected. 

The  United  States  and  foreign  bird  environments  were  compared.  Thi*  comparison 
suggested  that  the  bird  weight  distribution  differed  in  these  two  environments.  A 
comparison  of  the  single  and  multiple  engine  bird  ingestion  rates  was  conducted. 
Both  foreign  rates  were  significantly  higher  than  the  U.S.  rates.  Finally,  the 
average,  most  likely,  and  median  bird  weights  were  compared.  In  all  three 
instances,  the  U.S.  bird  weights  were  higher  than  the  foreign  bird  weights. 

Worldwide,  gulls  (family  Laridae)  were  ingested  moat  often.  The  following  selected 
bird  species  (for  5  or  more  ingestions)  are  presented  in  decreasing  order  of  inges¬ 
tion  frequency  on  a  worldwide  basis: 

1.  Milvus  migraas  (Black  Kite)  -  46  ingestions 

2.  Larue  ridibundus  (Common  Black-headed  Cull)  -  34  ingestions 

3.  Larua  argentatus  (Herring  Gull)  -  27  ingestion* 

4.  Columba  palumbus  (Wood  Pigeon)  -  23  ingestions 

5.  Larua  crassirostr is  (Black-tailed  Cull)  -  14  ingestions 

6.  Larua  delawarensia  (Ring-billed  Gull)  -  11  ingestions 

7.  Vanellus  vanellus  (Common  Lapwing)  -  10  ingestions 

8.  Anas  Platyrhynchos  (Mallard  Duck)  -  9  ingestions 

9.  Columba  livia  (Common  Rock  Dove)  -  8  ingestions 

10.  Tyto  alba  (Commn  Barn  Owl)  -  6  ingestions 

11.  Corvus  corona  (Carrion  Crow)  -  6  ingestions 

12.  Larus  atricilla  (Laughing  Gull)  -  5  ingestions 

13.  Larus  novaehollandae  (Silver  Cull)  -  5  ingestions 

14.  Francolinus  francolinus  (Francolin)  -  5  ingestions 

The  overwhelming  majority  of  the  85  species  of  birds  identified  by  this  study  are 
flocking  or  grouping  birds.  Bird  flocks  are  the  greatest  hasard  to  aircraft  and 
sre  responsible  for  alswst  all  multiple  engine  ingestions. 

In  most  cases,  the  bird  debris  was  identified  by  an  ornithologist  who  determined 
weights  and  species. 
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Seasonal  changes  appear  to  have  an  effect  on  the  bird  ingestion  rate.  The  largest 
nuaber  of  bird  ingestions  occurred  during  the  late  suaaer  and  early  fall. 

A  comparison  of  the  ingestion  rates  according  to  generic  aircraft  type  was  con¬ 
ducted.  Analysis  revealed  that  the  center  engine  position  of  the  three-engined 
aircraft  experienced  significantly  lower  bird  ingestions  than  the  wing-aounted 
engines.  From  a  bird  ingestion  standpoint,  the  center  engine  poaition  may  be 
considered  to  be  practically  non-existent.  Analysis  indicates  that  an  aircraft 
with  four  wing-sMunted  engines  may  be  expected  to  have  approximately  twice  the 
ingestion  rate  of  aircraft  with  only  two  wing-aounted  engines. 

Seventy-six  percent  of  bird  ingestion  occur  during  the  takeoff  and  landing  phaae- 
of-flight.  Host  bird  ingestions  occur  at  the  airport  when  the  aircraft  is  close 
to,  or  on,  the  ground.  Twenty-two  United  States  and  115  foreign  airports  experi¬ 
enced  bird  ingestions  during  this  study.  Some  airports  present  a  greater  bird 
ingestion  hazard  than  others  as  indicated  by  the  analysis  that  16  percent  (25)  of 
these  airports  account  for  almost  36  percent  of  all  reported  worldwide  bird  inges¬ 
tions  for  the  aircraft  types  studied.  This  suggests  that  the  bird  ingestion 
phenomenon  is  primarily  airport  environment  dependent. 

Sixty-two  percent  of  bird  ingestiona  resulted  in  sosw  engine  damage,  both  minor 
and  major.  However,  the  vaat  majority  of  bird  ingestiona  caused  minor  damage  to 
the  engine.  Usually,  only  a  small  number  of  fan  blades  need  replaceswnt  (minor 
damage).  But  in  severely  damaging  bird  ingestion  events,  the  damage  includes 
broken  fan  blades,  transversely  fractured  fan  bladea,  spinner  damage,  core  engine 
damage,  fan  shroud  and  nacelle  damage. 

The  638  aircraft  bird  ingestion  events  involved  666  engines.  TVenty-five  multiple 
engine  ingestions  occurred;  three  of  these  involved  three  engines.  Sixty-five 
multiple  bird  ingestions  per  engine  occurred.  Thirty-two  engine  failures  were 
identified.  Of  these  thirty-two  engine  failures,  one  incident  occurred  involving  a 
two-engine  failure  to  a  four-engine  aircraft  during  the  approach  phase-of-f light . 

The  majority  of  bird  ingestions,  engine  damage,  and  engine  failures  are  caused  by 
birds  weighing  between  9  and  24  ounces.  Although  there  appears  to  be  a  correlation 
between  the  number  and  Might  of  the  ingested  birds,  it  is  not  possible  Co  predict 
engine  failure  based  upon  these  two  parameters  alone. 

Tables  4.1  and  4.2  review  some  of  the  relationships  presented  in  this  report.  It 
should  be  noted  that  the  takeoff  and  climb  phases-of-flight  produces  Che  highest 
percentages  in  all  ingestion  categories.  Although  approach  and  landing  constitute 
a  significant  portion  (36  percent)  of  all  known  phaaes-of-f light ,  the  percentages 
of  damaging  ingestions  snd  engine  failure  ingestions  are  significantly  lower  than 
in  takeoff  end  climb.  Multiple  birds  per  engine  occur  in  a  significantly  high 
percentage  of  engine  failure  ingestions.  Multiple  engine  ingestions  do  not  produce 
significant  percentages  in  any  ingestion  category. 
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TABLE  4.1  MULTIPLE  ENGINE  AND  MULTIPLE  BIND  INVOLVEMENT  ANALYSIS 


Total 

Ingestion 

Events 

(638) 

Damaging 

Ingestion 

Events 

(401) 

Engine 

Failure 

Ingestions 

(32) 

Mult iple  Engine 
Ingestion  Events 

25  (4Z) ) 

19  (5Z) 

4  (13Z) 

Multiple  Bird 

Ingestions  (per  engine) 

65  ( 10Z) 

47  (12Z) 

14  (44Z) 

TABU  4.2  PHASE-OF-FLICHT 

(POP)  ANALYSIS 

Known  POP 
Ingestion 
Events 
(408) 

Known  POP 
Damaging 
Ingestion 
Events  (250) 

Known  POP 
Engine 
Failures 
(32) 

Takeoff  and  Climb 

249  (61Z) 

215  (86Z) 

27  (84Z) 

Approach  and  Landing 

147  ( 36Z) 

35  ( 14Z) 

4  ( 12Z) 

5.  CONCLUSIONS. 


1.  A  bird  ingestion  to  a  high  bypass  ratio  (HBPR)  engined  aircraft  is  a  rare,  but 
probable,  event.  Approximately  2.7  million  operations  were  conducted  during  the  2b 
months  of  this  study;  638  bird  ingestion  events  occurred.  This  results  in  approx¬ 
imately  25  bird  ingestions  per  month. 

2.  The  most  cosasonly  ingested  birds  worldwide,  are  the  f ami  ly  Laridae  (gulls) 
which  account  for  35  percent  of  all  ingestions  to  HBPR  engines.  These  are  closely 
followed  by  the  family  Accipitridae  (kites)  which  account  for  20  percent  of  all 
ingestions. 

3.  The  United  States  and  foreign  bird  weight  distributions  are  different. 
United  States  birds  are  heavier  than  birds  found  in  the  foreign  environment. 

4.  The  United  States  single  and  multiple  engine  bird  ingestion  rates  are  lower 
than  the  foreign  rates. 

5.  Flocking  and  grouping  birds  are  the  greatest  haxard  to  aircraft  and  are 
responsible  for  almost  all  multiple  angina  ingestions. 

6.  The  largest  number  of  bird  ingestions  occur  in  the  late  siammer  and  early  fall. 
Seasonal  changes  appear  to  have  on  effect  on  the  bird  ingestion  rate. 

7.  Wing-mounted  HBPR  engines  are  more  susceptible  to  bird  ingesitions  than 
center  aft-mounted  HBPR  engines.  Center  aft-mounted  HBPR  engines  experience  very 
few  bird  ingestions. 


8,  Four-engined  aircraft  experience  approxiaately  twice  the  ingeation  rate  of 
two-engined  aircraft  (wing-aounted  engines  only). 

9.  the  majority  of  bird  ingestions  resulted  in  either  minor  or  no  daoage  to  the 
engines . 

10.  Seventy-six  percent  of  all  bird  ingestions  occur  during  takeoff  or  landing. 

11.  Certain  airports  present  a  greater  bird  ingestion  hazard  than  others. 
Eighteen  percent  of  the  137  airports  which  experienced  bird  ingestions  during  this 
study  accounted  for  36  percent  of  all  reported  worldwide  bird  ingestions  for  the 
aircraft  type  studied. 

17.  Sixty-two  percent  of  all  bird  ingestions  result  in  soae  engine  dan age . 

13.  The  aajority  of  bird  ingestions,  engine  damaging  ingestions,  and  engine 
failures  are  caused  by  birds  weighing  between  1/2  pound  and  1  1/2  pounds. 

14.  Once  a  bird  ingestion  has  occurred,  the  probability  of  experiencing  an 
engine  failure  froa  one  bird  or  aultiple  of  birds  is  approxiaately  5  percent. 

15.  Engine  failure  cannot  be  predicted  based  upon  knowledge  of  the  bird  weight 
and  bird  nuaber  alone.  Engine  failure  aodes  are  complex. 

16.  Only  liaited  data  analysis  could  be  accomplished  on  the  DC8-70  series, 
A3 10,  B757,  and  B767,  due  to  their  liaited  service  experience. 
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APPENDIX  c 


STATISTICAL  PROCEDURES 
C- 1  KOLOMOGOROV-SNIRNOV  TW- SAMPLE  TEST 

The  Kolomogorov- Smirnov  (XS)  two-sample  test  Is  a  test  of  trttether  two  Independent 
samples  have  been  drawn  from  the  same  population  (or  from  populations  with  the 
same  distribution) .  The  two-tailed  test  Is  sensitive  to  any  kind  of  differences 
In  the  distributions  from  which  the  two  samples  were  drawn  -  differences  In 
location.  In  dispersion.  In  skewness,  etc. 

The  maximum  difference  (0)  between  the  two  cumulative  distributions  of  the  two 
samples  Is  called  KS  statistics.  For  a  large  number  of  observations  (greater 
than  40),  the  critical  value  of  the  KS  distribution  of  difference  D  can  be 
obtained  from  the  following  table  for  a  selected  significance  level.  If  the 
observed  difference  0  Is  greater  than  the  critical  value  D,  then  we  reject  the 
null  hypothesis.  That  Is.  the  two  distributions  are  the  same. 

CRITICAL  VALUES  OF  D  IN  THE  KOLOMOGOROV-SMIRNOV 
TWO- SAMPLE  TEST 

(Large  Samples  Two-tailed  Test) 

Level  of  Significance  Value  of  D  so  large  to  call  for  Rejection  of  H0  at  the 

Indicated  level  of  significance. 


0.10 

1.224  y 

pp  nT 
'  "1  "2 

0.05 

1.358  y 

/  n  l  ♦  n2 

I  nj  n 2 

0.025 

1.480  y 

nj  ♦  ng 

"1  "2 

0.01 

1.628  ^ 

1  nj  ♦  n$ 

"1  "2 

Where;  D  >  max 

$nl(X)  -  S„2(X)| 

(D  »  max  difference  between  two  cumulative  distributions. 


c-2  BIRO  WEIGHT  CLASS  INTERVAL  SELECTION  IETNOO 

There  Is  no  exact  method  available  In  determining  the  class  Intervals.  Selection 
of  class  Interval  Is  often  based  on  judgmental  factors,  however,  the  following 
formula  helps  to  determine  the  class  Interval  when  the  judgmental  factors  are  not 
available. 


c-i 


Class  Interval 


Range 

T  ♦  3.322  *  login) 


where: 

Range  -  largest  observed  value  minus  smallest  observed  value, 
n  =  number  of  observations. 

Log  3  log  base  10. 

The  bird  weight  class  Interval  of  8  o z.,  or  Its  multiple,  used  In  this  study  Is 
based  on  the  formula  given  above. 

c- <  COMPARISON  OF  INGESTION  RATES 

In  comparing  the  Ingestion  rates,  we  assumed  that  estimated  rates  In  fact  are  the 
maximum  likelihood  estimates  of  the  parameters  of  the  Poisson  distribution.  For 
example,  comparing  the  U.S.  Ingestion  rate  against  the  Foreign  Ingestion  we 
assumed  that  rates  are  the  estimate  of  the  Poisson  distribution  parameter  (  k  ) 
which  Is  the  same  for  both  U.S.  and  Foreign.  The  number  of  observations  being 
large,  we  Invoked  the  asymptotic  property  of  Poisson  and  used  the  asymptotic  test 
rather  than  the  exact  test.  Some  of  the  asymptotic  tests  used  are  the 
chi-square,  the  normal  test,  and  In  some  cases,  the  binomial  test. 


I.-,  test  of  association  and  honogeniety  of  contingency  tables 

To  test  the  association  between  the  rows  and  columns  of  the  contingency  tables, 
we  employed  the  chi-square  test  of  Independence,  as  well  as  the  chi-square  test 
to  ascertain  the  homogenlety  of  the  two  population  observations  which  are  drawn 
i ndependently. 

To  measure  the  extent  of  association  between  the  row  and  column  factors  of  the 
contingency  table,  Pearson's  coefficient  (C)  and  Cramer  Statistics  (V)  were 
computed  as  follows: 


C  *  ^  X2  /  (X2  ♦  N) 

v  -  y  x*  /  (N  x  min  [(1-1),  (J-l)]) 
where: 

X?,  N  are  the  Chi-square  and  number  of  observations. 

I,  J  are  the  number  of  rows  and  columns  respectively. 

Values  of  C  and  V  close  to  zero  Indicate  lack  of  association  between  the  row  and 
column  factors  of  the  contingency  table,  whereas  values  closer  to  1.0  Indicate 
strong  association. 
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APPENDIX  D 


BIRD  TYPES,  WEIGHTS,  INGESTION  LOCATION,  AND  CODES 


The  ingested  bird  species  code  (reference  2)  ss  shown  in  this  appendix  is  helpful 
for  computer  applications.  Each  order  of  birds  was  assigned  a  code  letter  accord¬ 
ing  to  its  position  in  the  taxonomic  sequence.  Each  family  of  birds  was  assigned  a 
code  number  according  to  its  position  within  the  order.  Each  species  of  bird  was 
assigned  a  code  number  according  to  its  position  within  the  family.  To  avoid 
confusing  numbers,  the  code  designation  was  assembled  by  putting  the  family 
number  first,  the  order  letter  second,  and  the  species  number  last  (for  example: 
3K2d  not  K328;  also,  this  is  the  black  kite  (.common  name)  which  belongs  to  the 
order  Falconi formes ,  family  Accipitridae,  and  species  Milvus  migrams). 


BIRD  TYPES,  WEIGHTS,  1NCESTI0N  LOCATION,  AND  CODES 


BIRD  TYPE 


PROCELLAR I I PORMES  -  ALBATROSSES.  PETRELS.  ETC 


PROCELLAR H DAP.  -  PETRELS,  SHEARWATERS 

Pttrodrou  aollia  -  Sof l-pluugid  Petrel 


Cl  CONI  I  FORMES  -  HERONS.  STORKS.  IBISES,  FLAMINGOS 


ARDEIOAF.  •  HERONS  AND  BITTERNS 

Hydranaeaa  caarulaa  -  Little  Blue  Heron 
Egret ta  garxetta  -  Little  Egret 
Ardea  herodlaa  -  Great  Blue  Heron 

CICONIIDAE  -  STORKS 

Anaatoaua  laaelllgerua  -  African  Open-billed 

Stork 

Leptoptlloe  cruuenlferua  -  Marabou  Stork 
THRESK10RN1THIDAE  -  IBISES  AND  SPOONBILLS 
Plegadle  falclnellua  -  Cloaay  lble 


ANSER I FORMES  -  SCREAMERS.  DUCKS.  GEESE.  SWANS 


ANATIDAE  -  DUCKS.  CEESE,  SWANS 

Dendrocygna  Mcolor  -  Fulvoua  Tree  Duck 
Chen  caeruleacene  -  Snow  Gooae 
Branta  canadenala  -  Canada  Gooae 
Aauitonetta  braalllenela  -  Brazilian  Teal 

or  Duck 

Anaa  glbberlfrona  -  Gray  Teal 
Ana a  platyrhynchoa  -  Mallard  Duck 
Anaa  rubrtpea  -  Aaarlean  Black  Duck 
Anaa  poecllorhyncha  -  Spot-billed  Duck 
Ana  acuta  -  Co— on  Pintail  Duck 
Anaa  clypeata  -  Northern  Shore I er 
Aythya  farina  -  Co— on  Pochard 
Aythya  afflnla  -  Leaser  Seaup 
Lophopytee  cucullatua  -  Hooded  Merganaer 


10  (7-13) 


12 - 

16  (10-22) 
95  (52-20*) 


40  (22-49) 
208  (141-314) 


22  (13-30) 


25  (19-32) 
86  (43-154) 
127  (39-267) 

21  (20-21) 
17  (12-25) 
38  (18-63) 
40  (25-63) 

35  - 

30  (14-51) 
21  (11-39) 


28  (19-40) 
22  (16-32) 


D-l 


BIRD  TYPE 

INGESTIONS. 

LOCATION 

1 

PICT 

tmm. 

ESISIl 

FALCONl PORMES  -  HAWKS.  EAGLES.  VULTURES.  RITES 

CATHARTIDAE  -  VULTURES 

Cathartea  aura  -  Turkey  Vulture 

SO  (31-85) 

2 

1KI 

PANDIONIDAE  -  OSPREY 

Pandlon  hallaetua  -  Oaprey 

5*  (40-72) 

i 

1 

2KI 

ACCIPITRIDAE  -  HAWKS,  EAGLES.  RITES,  VULTURES 

Mllvua  wlgraaa  -  Black  Kite 

28  (20-42) 

46 

mi 

HI lvua  allvua  *  Red  Kite 

36  (28-56) 

2 

El 

Hallaeetue  leucocephalua  -  Bald  Eagle 

181  (136-232) 

1 

3K37 

Cvpa  bengalenala  -  Indian  White-backed  Vulture 

187  (194-200) 

3 

3K46 

Cvpa  fulvua  -  Griffon  Vulture 

282  (150-529) 

2 

3K5I 

Sarcogvpa  calvua  -  Indian  Black  Vulture 

158  (131-190) 

1 

3K54 

Buteo  nlttdua  -  Cray  Hawk  or  Mexican  Goahawk 

17  (11-23) 

1 

3K163 

Buteo  platypterua  -  Broad-winged  Hawk 

14 - 

1 

2 

3K168 

Buteo  Jaaulcenala  -  Red-tailed  Hawk 

39  - 

1 

3KI7S 

Buteo  buteo  -  Coaaon  Buzzard 

28  (17-48) 

3 

3K18C 

Buteo  lagopua  -  Rougb-legged  Hawk 

35  (21-59) 

1 

3K183 

FALCON I DAE  -  FALCONS 

Falco  aparvartue  -  Awe r lean  Sparrowhawk 

(Keatral ) 

4 - 

2 

5K26 

Falco  cherrug  -  Saker  Falcon 

36  (26-46) 

1 

5K54 

GALLI FORMES  -  CHICKEN-LIKE  BIRDS 

PHASIANIDAE  -  QUAILS,  PHEASANTS ,  PEAFOWLS 

Prancollnua  francollnua  -  Black  Partridge 

(Franeolln) 

16  (8-20) 

5 

4L44 

Phaalanua  colchlcua  -  Cowwon  or  Ring-necked 

Pheaaant 

39  (18-71) 

2 

1 

4L161 

GRUI PORMES  -  BUTTONQUAILS.  CRANES.  RAILS 

RALLIDAE  -  RAILS,  CRAKES,  COOTS,  GALLI NULES 

Crex  crex  -  Corncrake 


5  (3-7) 


1 


7*49 


AVERAGE  MEICHlj  IWCE8TI0HS.  LOCATION  COW 


BIRD  TYPE 

timajyiia 

CHARADE I I FORMES  -  SHORE BIRDS 

HAEMATOPODIDAE  -  OYSTERCATCHERS 

Haaaatopu*  oatrala*ua  -  Co— on  Opatarcatchar 

IS  (12-28) 

2 

4N1 

CHARADE 1 1 DAE  -  PLOVERS,  LAPWINGS 

Vanallu*  vanallua  -  Co— on  Lapwln* 

8  (4-11) 

10 

5N1 

Pluvial la  aprlcarla  -  Eurasian  Coldan  Ploaar 

7  0-8) 

3 

5N25 

Plutlall*  aquatarola  -  Blaek-balllad  Plovar 

7  (4-11) 

i 

2 

i 

5N27 

SCO LOP AC I DAE  -  SANDPIPERS,  SNIPES 

Llaosa  llaoaa  -  Black  Tailed  Godvlt 

10  (7-13) 

2 

6N1 

Galllnago  undulata  -  Giant  Snip* 

MM 

6N50 

BGRHINIOAE  -  STONE  CURLEWS  (THICK-KNEES) 

■ 

Burhlnua  capanals  -  Spotted  Thlck-kna*  or 

■■ 

Capa  Dlkkop 

15  (14-16) 

II 

9N4 

LAI I DAE  -  CULLS,  TERNS 

XI 

Larua  craaalroatrla  -  Black-tailed  Gull 

20  (15-23) 

14N10 

Larua  da  lava ran* la  -  R in*- billed  Gull 

17  - 

8 

2 

I4N12 

Larua  argantatua  -  Harr In*  Gull 

36  (21-64) 

20 

3 

14N14 

Larua  fuacus  -  Lasaar  Black-backed  Gull 

29  (19-42) 

1 

14NI7 

Larua  callfornlcua  -  California  Gull 

24  (17-29) 

1 

14N18 

Larua  —rlnua  -  Groat  Black-backed  Cull 

60  (40-80) 

2 

Larua  glaucaacaos  -  Claucoua-vlnged  Cull 

38  - 

2 

nrm 

Larua  atrlellla  -  Laughing  Gull 

10  - 

1 

14N26 

Larua  drrocaphalua  -  Crap- ha  ad  ad  Cull 

10  (6-14) 

2 

14N29 

Larua  plplacaa  -  Franklin's  Cull 

9  - 

1 

14N3I 

Larua  noaaahollandla*  -  Silver  Gull 

12  — 

5 

14N32 

Larua  aacullponnl*  -  Broun- hood ad  Gull 

mm 

14N35 

Larua  rldlbundus  -  Co— on  Blaek-haadad  Gull 

10  (4-14) 

Mm 

4 

14N36 

coumiipoems  -  pigeons.  doves,  sandcrooses 

OOUMBIDAE  -  PIGEONS,  DOVES 


Col— b*  llvti  -  Co— on  took  Dot* 

Col— bo  pal— ha*  -  Wood  PI** on 

St  rapt  o  poll*  turtur  -  Co— an  Turtl*  Dot* 

Sana Ida  — eroura  -  Non rain*  Data 


14 

16 

5 

4 


(7-20) 

(•”26) 

0-6) 

0-6) 


5 

21 

1 


1  2P1 


2P9 

1  2P50 

I  2P109 


2 


BIRD  TYPE 


Zenaida  aurtculata  -  Earad  Dora 


INCEST TOPS.  LOCATION  CODE 


ebjcshg:  ess:  i 


STRICT POKMES  -  BARM  OWLS  AMD  TYPICAL  OWLS 


TTTOMIDAE  -  BARN  OWLS 


Tyto  alba  -  Coanon  Barn  Owl 


II  (7-23)  2  2  2  I  1S2 


ST?  I C I  DAE  -  OWLS 


Aalo  flaaawua  -  Short-aarad  Owl 


13  (9-18) 


CAPRIMULGIFORMES  -  NICHTJARS.  FROCMOUTHS 


CAPRIHULCIDAE  -  NICHTJARS 


Caprlaulgua  salvlnl  -  Chlpwlllow 
APODIPORMES  -  SWIFTS.  HOTMINCBIRDS 


APOD I DAE  -  SWIFTS 


Cypaaloldea  nlgar  -  Black  Swift 


1  1031 


CORACI I  FORMES  -  KINCFISHERS,  NOTHOTS.  HORNBILLS 


OORRAC I I DAE  -  ROLLERS 


Coraclaa  garrulua  -  European  Roller 


3  (4-S) 


PASSER  I  FORMES  -  PERCHING  BIRDS 


ALA OD I  DAE  -  LARES 


Helanocorpphe  yeltonlenale  -  Black  Lark 
Calandrel la  raytal  -  Indian  Sand-Lark 
Alauda  gulgula  -  Leaner  Skylark 
Ereaophlla  alpeatrla  -  Horned  Lark 

CORVIDAE  -  CROWS,  JAYS 

Corvwa  ap lend ana  -  Houae  Crow 
Corwua  frwfllefwa  -  took 
Corwue  corona  -  Carrion  Crow 


2  (1-2) 


1  (1-2) 


II  (9-13) 
IS  (10-21) 
19  (11-24) 


bird  type 


TURD IDAS  -  THRUSHES 

Cat  Ha  r us  ustulatus  -  Svalnson's  Thrush 
Turdus  nauasnnl  -  Dusky  Thrush 
Turdus  algratortua  -  Aasrlcsn  Robin 

NOTACILLIDAE  -  WAGTAILS,  PIPITS 

An  thus  novaaaaalandlaa  -  Rlchsrd's  Pipit 

ICTERIDAE  -  BLACKBIRDS  4  AMERICAN  ORIOLES 

Sturnolls  noglocta  -  Was tarn  Maadowlark 
Holothrus  atar  -  Brown— ha adad  Cowblrd 

FRINC1LLIDAE  -  PINCHES,  GROSBEAKS,  SPARROWS 

Prtngllla  coalaba  -  Coaaon  Chaffinch 

ESTRILOIDAK  -  WAX  BILLS 

Lonchura  Malacca  -  Chastnut  Mania 
Aasdlna  arythrocaphala  -  Rad-haadad  Finch 


AVERAGE  WEICHTl  INCE8TION8.  LOCATION  CODE 
02.  (»  RANGE) 


Ai.uin:  i*i* :  Q’.v 


3  (3-4) 

3  — 


4  (3-4) 
2  (1-2) 


412244 

412271 

412314 


47221 


64268 

64294 


68241 


6921041 

6921241 


OTHER  CATEGORIES 


Bats  (Inclodad  dua  to  flight  bahavlor)  I  I 


2 


992994 


0-5 


APPENDIX  E 


OATA  BASE 


legend 

1.  FAA  Bird  Ingestion  event  nuaber  (EVT  #) 

2.  Data  (aonth,  day,  year)  (OATE) 

3.  local  tlae  (TINE) 

4.  Aircraft  type  (AC) 

5.  Engine  Position  (ENG  POS) 

6.  Airport  (ARPT) 

7.  Phase  of  Flight  (FLIGHT  PHASE) 

8.  Weather  (WX) 

9.  Engine  Daaage  Codes  (DAMAGE) 

10.  Power  Loss  or  Power  Reduction  (POWER  LOSS/RED) 

11.  Was  the  daaage  contained  within  the  nacelle?  (CONT  DANG) 

12.  Reason  for  In-flight  shutdown  of  engine  (IFSD  REASON) 

13.  Was  the  bird  seen  prior  to  the  Ingestion?  (BIRD  SEEN) 

14.  Species  of  bird  Ingested  (BIRD  SPECIES)  (Referenced  In  Appendix  D) 

15.  Nunher  of  birds  Ingested  (#  BD).  An  entry  of  "9"  In  this  coluan 
Indicates  a  flock,  not  nine  birds.  The  bird  nuaber  Is  unknowi  but 
Is  assuaed  to  be  greater  than  six  birds. 

16.  Average  weight  of  the  bird  In  ounces  (AV  WT  OZ) 

17.  Pilot  reaction  to  bird  Ingestion  (PILOT  ACT) 

18.  Iaportant/unusual  clrcuastances  regarding  this  bird  Ingestion  event 
(SIGNIFICANT  REASON) 


The  legend  lists  the  Information  contained  In  this  Appendix.  It  was  not 
possible  In  all  cases  to  obtain  all  the  Information  desired.  For 
example,  when  the  local  time  of  the  Ingestion  Is  unknown,  the  column 
entry  Is  listed  as  "0000*.  Likewise,  when  the  number  of  birds  or  bird 
weight  are  unknown,  the  column  entry  Is  "0".  In  all  other  cases  an 
unknown  quantity  Is  listed  as  "UNK".  In  those  cases  where  a  particular 
col  wan  entry  does  not  apply,  the  term  "N/A"  Is  entered.  An  example  of 
this  might  be  a  case  wherein  a  bird  Ingestion  has  occurred  but  no  damage 
resulted,  therefore,  the  "IFSD  REASON",  "PILOT  ACT",  and  "SIGNIFICANT 
REASON”  columns  may  all  have  an  "N/A"  entry.  The  "EVT  #"  Is  computer 
generated  and  sequential  by  date  of  bird  Ingestion  occurrence.  The  term 
"EVENT",  as  used  In  this  report,  refers  to  an  aircraft  bird  Ingestion 
occurrence.  More  than  a  single  computer  line  entry  In  Appendix  E, 
having  the  same  number.  Indicates  multiple  engine  Involvement.  The  only 
exceptions  to  this  are  events  #3  and  #220,  which  are  not  multiple  engine 
events,  however,  two  different  bird  species  wee  Ingested  Into  the  engine 
at  the  same  time. 


The  following  codes  refer  to  entries 
AIRCRAFT  (AC) 

1  -  DCS 

2  -  DC10 

3  -  A300 

4  -  B747 

5  -  B757 

6  -  B767 

7  .  L10U 

8  -  A310 


In  Appendix  E. 

WEATHER  (MX) 

IFR  -  Instrument  Flight  Rules 
VFR  -  Visual  Flight  Rules 
UNK  -  Unknown 

(DAMAGE) 

(See  Text) 

(Bird  Species) 

(See  Appendix  D) 


E-2 


INFLIGHT  ENGINE  SHUTDOWN  (IFSO  REASON) 

N/A  -  Not  applicable 
Vibes  -  Engine  vibrations 
Stal/Srg  -  Compressor  Stall /Surge 
Hi  Egt  -  High  Exhaust  Sas  Temperature 
Epr  -  Incorrect  Engine  Pressure  Ratio 
Invlntry  -  Involuntary  engine  shutdown 
Paramtrs  -  Incorrect  engine  parameters 
Other  -  Other  reasons  not  listed 
UNK  -  Unknown  reason 

PILOT  ACTION  (PILOT  ACT) 

N/A  >  Not  applicable 
ATO  -  Aborted  Takeoff 
ATB  -  Air  turnback 
UNK  -  Unknown 

(SIGNIFICANT  REASON) 

N/A  -  Not  applicable 

Eng  Mult  -  Multiple  Engine  Ingestion 

Bds  Mult  -  Multiple  Bird  Ingestion 

IPWRLOSS  -  Involuntary  power  loss 

TRVSFRAC  -  Transverse  fan  blade  fracture 

AIRMRTHY  -  Engine  related  airworthiness  effects 

OTHER  -  Other  significant  reasons 
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APPENDIX  F 


MOST  COMMONLY  INGESTED  BIRD  SPECIES  DRAWINGS 


Larus  novaehollandiae 

(Silver  Gull) 


-  \ 


*  Length  -  1 5” 
Wingspan  -  41” 
Weight  -  1 2oz 


INGESTION  LOCATION 

Foreign  -  5 

US-0 

Unknown  -  0 


Larus  crassirostris 
(Black-Tailed  Gull)  £ 


Length  -  1 6” 

Wingspan  -  48” 

Weight  -  20oz 

INGESTION  LOCATION 

Foreign  -  1 4 

US-0 

Unknown  •  0 


Larus  ridibundus 
(Common  Black-headed  Gull) 


Larus  atricilla 
(Laughing  Gull) 


Length  - 14” 
Wingspan  -  38” 
Weight  •  1 0oz 


Length  -  1 3” 
Wingspan  -  41' 
Weight  •  lOoz 


INGESTION  LOCATION 

Foreign  •  30 

US-0 

Unknown  •  4 


VT  - 

moN 

1 


irv 


INGESTION  LOCATION 
Foreign  -  4 
US  - 1 

Unknown  -  0 


i 


Larus  crassirostris 

(Black-Tailed  Gull)  l 

& 


I 


Length  -  1 6" 

Wingspan  *  48" 

Weight  •  20oz 

INGESTION  LOCATION 

Foreign  -  14 

US-0 

Unknown  •  0 


Larus  delawarensis 

(Ring-Billed  Gull) 


Length  16" 
Wingspan  *  49" 
Weight  1 7oz 


INGESTION  LOCATION 
Foreign  -  1 
US  - 8 

Unknown  -  2 


Larus  atricilla 

(Laughing  Gull) 


Larus  argentatus 

(Herring  Gull)  . 


Length  -  13" 
Wingspan  -  41' 
Weight  *  1 0oz 


irV 


INGESTION  LOCATION 
Foreign  *  4 
US  - 1 

Unknown  -  0 


Length  -  20" 
Wingspan  -  55" 
Weight  •  36oz 

INGESTION  LOCATION 
Foreign  -  4 
US  *20 
Unknown  •  3 


MOST  COMMONLY  INGESTED 
BIRD  SPECIES 


i 


APPENDIX  C 
AIRPORT  IDENTIFIERS 


APPENDIX  G 


AIRPORT  IDENTIFIERS 


A8J 

AOL 

AL6 

AMM 

AMS 

ANC 

ANU 

ATH 

ATL 

AUH 

BGF 

BKK 

BNE 

BOO 

BOM 

BOS 

BRU 

BMI 

CAI 

CCU 

COG 

CJU 

CPH 

DEL 

DKR 

DPS 

DUR 

DUS 

EBB 

EWR 

EZE 

FCO 

FOF 

FEZ 

FIH 

FLL 

FRA 

FUK 


GUN 

GVA 

NAN 

HKD 

HKG 


Abidjan,  Ivory  Coast 
Adelaide,  S.  Australia 
Alamosa,  Colorado,  USA 
Amman,  Jordan 
Amsterdam,  Nathtrlands 
Anchorage,  Alaska,  USA 
Antigua,  Mast  Indies 
Athens,  Greece 
Altanta,  Georgia,  USA 
Abu  Ohabl ,  UA  Emirates 

Bangui,  Can.  African  Republic 
Bangkok,  Thailand 
Brisbane,  Australia 
Bordeaux,  France 
Bombay,  India 

Boston,  Massachusetts,  USA 
Brussels,  Belgium 
Baltimore,  Maryland,  USA 

Cairo,  Arab  Republic  of  Egypt 
Calcutta,  India 

Paris,  France  (Charles  de  Gaulle  Airport) 
Cheju,  Republic  of  Korea 
Copenhagen,  Denmark 

Delhi,  India 
Oakar,  Senegal 
Denpasar,  India 
Ourban,  South  Africa 
Dusseldorf,  Republic  of  Germany 

Entebbe/Kampala,  Uganda 

New  York,  NY -Newark  Airport,  USA 

Buenos  Aires,  Arg.-Ezelza  Airport 

Rome,  Italy,  l.  DaVIncI  (Flum)  Airport 
Port  de  France,  Martinique 
Fez,  Morocco 
Kinshasa,  Zaire 

Ft.  Lauderdale/Hollywood,  Florida,  USA 
Frankfurt,  Republic  of  Germany 
Fukuoka,  Japan 

Rio  Oe  Janeiro,  Brezll  International 
Guam  Island,  Mariana  Is. 

Ganeva,  Switzerland 

Hamburg,  Republic  of  Germany 
Hakodate,  Japan 
Hong  Kong,  Hong  Kong 


o-i 


HLP 

Jakarta,  Indonesia  -  Haifa  Per  A 

HMD 

Tokyo,  Japan  -  Haneda  Airport 

HYD 

Hyderabad,  India 

I  AO 

Washington  -  Dulles  Airport,  USA 

I  AH 

Houston,  Texas  -  International  Airport 

1ST 

Instanbul,  Turkey 

JED 

Jeddah,  Saudi  a  Arabia 

JFK 

New  York,  NY  -  Kennedy  International  Airport,  USA 

JNB 

Johannesburg,  South  Africa 

KAN 

Kano,  Nigeria 

KHI 

Karachi,  Pakistan 

KMQ 

Komatsu,  Japan 

KRT 

Khartoum,  Sudan 

KUL 

Kuala  Lumpur,  Malaysia 

LAX 

Los  Angeles,  California,  USA 

LCA 

Larnaca,  Cyprus 

LGA 

Laguardla  Airport,  New  York,  USA 

LGW 

London,  England,  Gatwlck  Airport 

LHE 

Lahore,  Pakistan 

LHR 

London,  England,  Heathrow  Airport 

LIH 

Lima,  Peru 

UN 

Milan,  Italy  -  Forlanlnl-Llnate 

LIS 

Lisbon,  Portugal 

LOS 

Lagos,  Nigeria 

LPA 

Las  Palmas,  Canary  Is. 

LUX 

Luxembourg,  Luxembourg 

LYS 

Lyon,  France 

MAA 

Madras,  India 

HAD 

Madrid,  Spain 

MEL 

Melbourne,  Australia 

HEX 

Mexico  City,  Mexico 

MGQ 

Mogadishu,  Somalia 

MIA 

Miami,  Florida,  USA 

MNL 

Manila,  Philippines 

MPL 

Montpellier,  France 

MRS 

Marseille,  France 

MSP 

Mlnneapolls/St.  Paul,  Minnesota,  USA 

MSY 

New  Orleans,  Louisiana,  USA 

MTY 

Monterrey,  Mexico 

MVO 

Montevideo,  Uruguay 

MHH 

Moses  Lake,  Washington,  USA 

MXP 

Milan,  Italy  -  Malpensa  Airport 

NBO 

Nairobi,  Kenya 

NCE 

Nice,  France 

NGO 

Nagoya,  Japan 

NGS 

Nagasaki,  Japan 

NIM 

Niamey,  Niger 

0-2 


MKC  Nouakchott,  Mauritania 

NRT  Tokyo,  Japan  •  Narlta  Airport 

OAK  San  Francisco,  California  -  Oakland  Airport,  USA 

OKA  Okinawa,  Ryukyu  Is.,  Japan 

ORO  Chicago,  Illinois,  O'Hara  Airport,  USA 

ORT  Paris,  Franca,  Orly  Airport 

OSA  Osaka,  Japan 


POX  Portland,  Oregon,  USA 

PEN  Penang,  Maylaysla 

PHL  Philadelphia,  Pennsylvania,  USA 

POS  Port  of  Spain,  Trln.  A  Tob. 

PTY  Panama  City,  Panama  Republic 

PUS  Pusan,  Republic  of  Korea 


SOL  Sundsval 1 ,  Sweden 

SCQ  Santiago  Oe  Compostela,  Spain 

SEA  Seattle/Tacoma,  Washington,  USA 

SEL  Seoul,  Republic  of  Korea 

SFO  San  Francisco,  California,  USA 

SID  Sal  Island,  Cape  Verde,  Is. 

SIN  Singapore,  Singapore 

SNN  Shannon,  Republic  of  Ireland 

SSA  Salvador,  Brazil 

STR  Stuttgart,  Republic  of  Germany 

SUB  Surabaya,  Indonesia 

SXR  Srlnagal,  India 

SYO  Sydney,  NSW  Australia 

THR  Tehran,  Islamic  Republic  of  Iran 

TLS  Toulouse,  France 

TLV  Tel  Aviv  -  Yafo,  Israel 

TNR  Antananarivo,  Dem.  Rep.  Madagascar 

TPE  Taipei,  Taiwan 

TRV  Trivandrum,  India 

TSV  Townsville,  Qld,  Australia 

TUL  Tulsa,  Oklahoma,  USA 

TUN  Tunis,  Tunesla 


VCP 

Sao  Paulo,  Brazil 

-  Vlracopos  Airport 

VIE 

Vienna,  Austria 

WOH 

Windhoek,  Namibia 

WIG 

Wellington,  New  Zealand 

XFO 

Unknown  Location, 

Foreign 

XUS 

Unknown  Location, 

United  States 

XXX 

Unknown  Location, 

Worldwide 

0-3 


YMX  Montreal,  Quebec  -  Mirabel  International 

yul  Montreal,  Quebec,  Canada 

yvr  Vancouver,  B.C.,  Canada 

yyc  Calgary,  Alta.,  Canada 

YYZ  Toronto,  Ontario,  Canada 

ZRH  Zurich,  Switzerland 


APPENDIX  K 

EVENTS,  OPERATIONS,  AND  RATES 
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